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MILITARY CURRICULUM MAMMALS-

The militaxy-develpped curriculum materialc in this course

package were selected by the National Center for Peseardh in

Vocaticnal,Education Military CUrriculum Project for dissem-

ination to the six regional Curriculum Coordination Centers and

other instructional materials agencies. The purpose of

disseminating these courses was WO make curriculummaterials

developed by the military more accessible to vocational

educators in the civilian setting.

The course materials were acquired, evaluated by project

staff and practitioners in the field, and prepared for

dissemination. Materials which'were specific to the military

were deleted, copyrighted materials were either omitted or appro-

val for their use was obtained. These course padkages contain

curriculum resource materials which can be adapted to support

vocational ,instruction and curriculum development.
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The National Center
Mission -Statement

The National Center for Research in
Vocational Education's mission is to increase
the ability of diverse agencies, institutions,
and organizations o solve educational prob-
lems relating-to individual career planning,
preparation, and progression. The National
Center fulfills ita mission by:

Generating knowledge through research

Developing educational programs and
products

Evaluating individual program needs
and outcomes

Installing educational programs and
products

Operating information systems and
services

Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT`
Military Curriculum Materials

WRITE OR CALL
Program Information Office
The National Center for Research in Vocational

Education
The Ohio State University
1960 Kenny Road. Columbus:Ohlo 43210
Telephone: 6141486-3655tx Toll Free1300/

848-4815 within the continent41 U.S.
(except Ohio)

Military Curriculum
Materials for

Vocational and
Technical Education

inforrnaticw rind T:Nd
Services Divir,ion

The Hationnl Centeilor
in Vocr.ttional Education



Military
Curriculum M teria
Disseminat Is .

avr.aaaea.....4J..a.wj

an activity to increase the accessibility of
military developed curriculum materials to
vocational and technical educators.

This project, funded by the U.S. Office of
-Edrication,--includes the identification and
acquisition of curriCulum materials-in..print_
form from the Coast Guard, Air Force,
Army, Marine Corps apd Navy.

Access to military curriculum materials is
provided through a "Joint Memorandum of
Understanding" between the U.S. Office of
Education and the Department of Defense.

The acquired materials are reviewed by staff
and subject matter specialists, and courses
deemed applicable to vocational and tech-
nical education are selected for dissemination.

The National Center for Research in
Vocational Education is the U.S. Office of
Education's designated representative to
acquire the materials and conduct the project
activities.

Project Staff: .

Wesley E. Budke, Ph.D:, DirectOr
National Center Clearinghouse

Shirley A. Chase, Ph.D.
Project-Director

What Materials
Are Available?

One hundred twenty courses on microfiche
(thirteen in paper form) and descriptions of
each have been provided to the vocational
Curriculum, Coordination Centers and other
instructional-materials agencies for dissemi-
nation.

Course _materials include programmed
instruction, curriculum outlines, jnstructor
guides, student workbooks apd tech-nib-al
manuals.

The 120 coursesi_represent the following
sixteen vocational subject areas:

Agriculture
Aviation
Building &
Construction
Trades

Clerical
Occupations

Communications
Di afting
Electronics
Engine Mechanics

Food Service
Health
Heating & Air
Conditioning

Machine Shop
Management &
Supervision

Meteorology &
, Navigation
Photography
Public Service

The number of courses and the subject areas
represented will expand as additional mate-
rials with application to vocational and
technical education are identified and selected
for diss&mjnjtion.

How Can These
Materials Be Obtained?

. - .

Contact the Curriculum Coordination Center
in your region for information on obtaining
materials (e.g., availability and cost). They
will respOnd to your request directly or refer
you to an instructional materials agency
closer to you.

CURRICULUM COORDINA HON CEN rEns

EAST CENTRAL
Rebecca . Douglass

Director
100 North First Street
Springfield, IL 62777
217/722-0759

MIDWEST
. Robert Patton

Director
1515 West Sixth Ave.
Stillwater, OK 74704
405/377 2000

NORTHEAST
Joseph F. Kelly, Ph.D.
Director
225 West State Street
Trenton, NJ 08625
609/292-65,62_

NO ATHWEST

William Daniels
Ditector
Building 17
Ait-dustrial Park
Olympia, WA 98504
206/753-0879^
SOUTHEAST
James F. Shill, Ph.D.
Director
Mississippi State University

Drawer DX
Mississippi State, MS 39762

601/325-2510

WESTERN
Lawrence F. H. Zane, Ph.D.

Director .

1776 University Ave.
Honolulu, HI 96822
808/948-7834
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Course Description

Training ,n this course ini-ludes refrigeration theor y, refrigeration and air conditioning systems operating principles, psychrometrics, water treatment,
electrical circuitry and test equipment, and the operation, maintenance, and troubleshooting of refrigeration and air conditioning systems and controis.
A prerequisite for this course is Refrigeration and Air Conditioning Specialist I through IX, courses 11-6, 11-7, and 11-8 in this catalog. This coui se
consists of three blocks covering 192 hour's of instruction.

Block I Refrigeration and Air Conditioning Systems contains two lessons including 77 hours of instruction. A third lesson on the course
orientation has been deleted because it discusses military procedures and forms. The lesson topics and respective hours follow,

Electrical Principles, Circuit Components and Trouble Analysis (3 p hours)
Thermodynamics, Principles of Refrigeration (38 hours)

Block Il Major Components, Domestic and Commercial Refrigeration Systems contains two lessons covering 46 hours of instruction.

Ref igeration and Air Conditioning Components (16 hours)
Dom lc and Commercial Refrigeration Systems (30 hours)

Block III Air Conditioning Systems contains four lessons covering 69 hours of instruction.

Air Movement, Calculations, and Psychrometrics (16 hours)
Direct Expansion Air Conditioning Systems (16 hours)
Centrifugal Air Conditioning Systems (20 hours)
Absorption Systems (17 hours)

This course contains both teacher and student materials. Printed instructor materials include lesson plans and a plan of mstruction detailing the teaching
steps by unit of Instruction, criterion objectives, the duration of the lesson, and support material and guidance needed. Student materials consists of study
guides containing text information and workbooks contammg objectives, assignments, and review exercises for each block of instruction. The materials
can be implemented as is or adapted for individualized remedial or independent study.

NM id% VCCATVUI =AT=
srAtt criNERS4T, 1
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PLAN OF INSTRUCTION

(Technical Training)
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POI 3AZR54550-2

LIST OF CURRENT PAGES

This POI consists of 27 current pages issued as follows:

Page No. Issue

*Title 15 Apr 75
*A 15 Apr 75

Original
.*ii thru vii 15 Apr 75

1 thru 15 Original
Annex (3 pages)' 12 Feb,74

CHANGE NOTICE INSTRUCTIONS

POI 3AZR54550-2, 15 Mar ch 1974, is changed as follows, effective
14 July 1975 witItc).ass 750714:

1. Make pen-and-ink, changes identifiad)ton pages ii thru vii.

2. Insert changed and new pages and remove pages replaced
according to above listing.

3. The (*) in the above page listing indicates that the page is a
replacement or addition by this Change Notice.

FOR THE C OMMA NPER

,
LEO ARD A. HA ILTON, Co12,4.USAF
Chief, Dept of Civil Engineering Tng

DISTRIBUTION: A TC/TTMS-1, AULD?7,1, SGPO
TTOT - 1, TTOX - 1, TTOR - 1, TT dowAr-
Changed 15 April 1975



-

DEPARTMENT OF THE AM FORCE PLAN OF INSTRUCTION 3AZR54550-2

MS School of Applied Aerospace Sciences (ATC) (PDS Code CVN)

Sheppard Air Force Base, Texas 76311 15 March 1974

FOREWORat,

1. PURPOSE. This plan of nstruction prescribes the qualitative requirements for

Course Number 3AZR54550 , Refrigeration and.Air Conditioning Equipment, in terms

of Criterion objectives presented by units/modules of instruction, and shows duration.
Cdrrelation with the training standard, support materials, and instructional guidance.

It was developed under the provisions of ATCR 52-33, Instructional System Develop-
ment, and ATCR 52-7, Plans of Instruction.

2. COURSE DESCRIPTION. The course trains selected Air Force operating and

maintenance personnel who possess AFSC 54450/70 or 54550/70 and who are not grad-

uates of Course 3ABR54530, Refrigeration and Air Conditioning Specialist. It includes
refrigeration theory, refrigeration and air conditioning systems operating principles,
psychrometncs, water treatment, electrical circuitry and test equipment, and the
operation, :-.-'.1ten2nce, and troubleshooting of refrigeration and air conditioning

systems and controls. In addition, related training is provided on troop information
program and commander's calls/briefings, etc.

3. EQUIPMENT ALLOWANCE AND AUTHORIZATION. Training equipment required
to conduct this course is listed in Equipment Authorization Inventory Data Number
3ABR545300000. Training equipment authorizations for this course are based on the
following Tables of Allowance:

TA 404 .Civil Engineering Refrigeration, Air Conditioning, Heating Shops, and
Central Heating Plants o(WRAMA)

TA 483 Civil Engineering Water, Sewage Disposal Treatment, Potable Water
Analysis and Pest Control (WRAMA)

TA 504 Food Service (Nontactical) (WRAMA)

NOTE: Group size is shown in parentheses after equipment listed in column 3 of
numbered pages of this POI.

4. MUL riPLE rNSTRUCTOR REQUIREMENTS. Units of instruction which require
more than one instructor per instructional group are identified in the multiple instruc-
tor annex to this POI.

5. REFERENCES, This plan of instruction is based on COURSE TRALNING STANDARD
SH52-3AZR54550-2, 6 November 1973, and COURSE CHART 3AZR54550-2, 23 January

1974. .

FOR THE COMMANDER

-"7

A N KL S'I'YDER . C ol on el , USA F
Chief. Operations Division

Supersedes Plan of Instruction 3AZR54550-2.`30 August 1972
OPR: Department of Civil Engineering Training
DISTRIBUTION Listed on Page A
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CO,IRSE TITLE

PLAN OF INSTRUCTION Refrigeration and-2\1k r Conditioning Fquipment

Refrigeration and Air Conditioning Systems

P ;.ti Cf-,JEC .ES
DURAItOri
(tiOvqs

2

;...0( T kt AL AND ANC.. E

. Course Orientation

a. Welcome

b. Role of air power in peace in warfare

C. Importance of course to the Air Force

d. Individual benefits including CCAF
credit hours to be gained from this course

e. Disposition of course graduates

f. Overview of course

g. Responsibilities of students

h. School polici.e.s and regulations,
including grading practices

i. Safety precautions

j. Safeguarding classified information

k. Counseling and remedial instruction

1. Proficiency advancement of qualified
students

Column 1 Reference
None

nstructional Materials

CTS Reference,
None

-I- , Course Orientation
AFM 127-101, Industrial-Safety
TSCHR 50-30, Student Orientation and M,ati-vyi
plz - .s 7 3 )241 eb
Training Methods
Discussion (1 hr) 7-?'<,1

Instructional Environment/Design
Classroom (1 hr)
Group/Lockstep

Instructional Guidance
Welcome students to the course and stress benefits to be derived.
Present an overview of the course, discussing school policies and
regulations. Accident prevention, safety and emergency exercises
shall be stressed. Discuss the chain of command and point out
recreational facilities on the base and local area.

PI AN 0, 'HST PUC T ION NO 3AZR54550-2 DATE 15 March 1974 ,BLDCK 140. PAGE NO 1
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F14....44 OF INSTRUCTION (Continued)

iii:.1,20C.rioti AND CRITEer Crt 1" CPU R A T

2

S ria ' +4- t

m. Honor graduate program

Shelter exercises and procedures

o. Student critique program

p. Necessity of clearing in through
Student In-processing at Base Personnel

q. Attendance mandatory unless
officially excused

r. Enereitmirrervation

s.' Care of training literature

2. Electrical Principles, Circuits,
Components, and Trouble Analysis.

39
Days 1
thru 5

a. Using an electrical trainer and worlf6i.r,
book, construct an operative simple dc circutel
consisting of power source, protective device,
switch, lamp, and an ammeter. ..Analyze the
current flow observing all applicable afety Day 1

47-Piecautions. (5/2)

13. Using an elettricatfrainer arid /
multimeter, measure voltage and resistance
of circuitsan-accuracY; f + 5%,, observing

-all appricable safetY precautions.
Day 2
(3/1)

Column 1 Reference
.2a
2b
2c
2d
2e
2f
2g
2h

CTS Reference
la, lb. lc, Id, ld(1), ld(2), ld(3)
I-J(1T 1 612) ,-Te(3)-- -7;7
11(1), 1f(2), lfor

Ig(2), Ig(3)
Ih(1), lh(2)
I1(1), li(3)
Ij(1), 11t2), TR3), 1j(4)
1k(1), 1k13)

Instructional Materials
SG 3AZR54556-2-I-2, Electrical Principles, Circuits, Components,

and Trouble Analysis
WB 3AZR54550-2-1-2-P1, Identify Electrical Units, Construct and

Analyze Current Flow in a Circuit

pl. AN Of Dor ituClIoN NO 3/kR54550-2 DAT E 15 March 1974 1 BLOCK NO. °A:21 ND
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PLAN OF INSTRUCTION (Continued) *

N 1 of pSrkt1CriC04 IJIO CRITERAON :',8 1i. r T1 V f.
ou A AT ION

HOURS
1

loPPOR- 4,4 AT E PI A, , ND :-.11.Z,A.4Cr., .

3

c . Usinglhe workbook and wiring
trainer, construct an operative series and
parallel circuit. Using the multimeter apply
Ohms Law and cinctiit characteristics to find
the unknown factors for each circuit observing
all apphcat)le safety precautions.,

ti Using the workbook multimeter, and
1-7electrical trainer locate 100 r of the -igpeni,

shorts, and- mechanical malfunctions , _

observing all applicable safety preca ,ons.

e. Using the workbook, identify the
operating characteristics of ac circuits con-
taining capacitance and inductive reactance.

f. Using workbook schematic and wiring
trainer Connect 110, 220 vblt single-Thase and
220 volt three-phase components to a power
supply observing all workbook requirements
and applicable safety precautions.

.

g. Using workbook schematics, identify
major components and wire schematically
three-phase and single-phase motors
observing data.4plate requirements.

.
,

. .'

,
(3/1)

.

Day 3
(2/1)

'
(1/. 5)

1

'
(3/. 5)

Day 4 .

(6/2)

_ _ _ -- _ -
WB 3AZR54550-2-1-2-P2, Multimeter Reading and Circuit -Construction
WB 3AZR54550-2-I-2-1?3, i.1:1,%.uit Analysis
WB 3AZR54550-2-I-2-P4, It..:_oing a Motor Data Plate,, Motor

Construction and Wiring . .. .

WB 3AZR54550-2-1-2-P5,.Troubleshooting ac Circuits 1
Textbook; Modern Refrigeration and Air Conditioning

, .

Audio Visual Aids ,

, (:.Transparencies 6C,:c.../..cet.i, uzze_411., I
Training Film 4144, Basic Electricity
Training Film 6081, Basic Electricity

_

--Slide-Recorel-Sets .

Training Equipment
Trainer, Fundamental electric principles (12)

Bench item, Galvanometer.. (12) .........
Bench item, Dynamo, hand-operated (12) .. .

Trainer, Multimeter Reading (1) .

Trainer, Multimeter (12) ,

Trainer; DCTroubleshooting (12) <-1
, .

Trainer, Component wiring (12)
Trainer, Electric Motor (12) ,

Trainer, ACTroubleshooting (12) _

. .

Training Methods
Discussion/demonstration (15 hrs) -

Performance (13 hrs)'
.

.

Training films (1 hr) ,

Outside assignment (10 hrs) , 4 ,
.

..
, '

.

PLAN OF MST RUCT,ON NO 3AZR54550-2 DATE 15 March 1974 1 BLOtx NO. I .,
I PAtE ho 3 ,
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PLAN OF INSTRUCTION (Continued)

um is oF /us raucrtopi AND C_RarEetOr C.f.i.. 1 Iv. S
otAkormien

(tiOuRS)
;

.UPPorr t NA.f.P!A'S AN:' L . .7 l'.- c

h. Using the workbook, multirneter, and
ac troubleshooting trainer locate 100'7 of the
malfunctions on the.120 volt, 60 cycle, single-
phase trainer, 100 of the malfunctions on the
220 volt, 60 cycle, sairle-phase trainer, and
10er of the inalfunctilk on the 220 volt, 60
cycle, three-phase trainer observing all
applicable safety precautions.

..

,

.

.

. Thermodynamics, Principles of
Refrigeration

a. Using a schematic of a refrigeration
system name the components and trace the
flow of refrigerant through the system.

Day 5
(6/2)

.

38
Days 6
thru 10

Day 6
(6/2)

Instructional Environment/De.;ign .

Classroom (16 hrs) .

Laboratory (13 hrs)
Study Hall (10 hrs)
Group/Lockstep

.

Instructional buidance
Discuss the principles of electricity covering voltage, current, and
resistance and the different types of circuits. Discuss care of meters
and various types of electrical test instruments and their principles of
application. Troubleshooting-of dc electrical circuits_usingineters and_
ohms law.

Discuss troubleshooting procedures for locating opens, shorts, and
mechanical malfunctions in electrical circuits. Stress the difference
between ac and dc electricity. Discuss wiring of electrical components
to power supplies and the types of transformers.

Discuss types of electric motors used in refrigeration and air condi-

toning, the major somponents and internirand external wiring. Dis-

cuss capacitors as fatheir types, selection and troubleshooting.. Dis-

cuss procedures for troubleshooting ac circuits for opens, shortS and

low power conditions. Use films and transparencies to aid the dis-
cussion and stress electrical safety at all times.-

,

Column 1 Reference CTS Reference
a 2e3a Za f 2b

P
2c I gf

3b Yr
3c YE, 2h, 2h(1)
3d

.

____-- --
PLAN OF INS/ RUC7 ION NO 3AZR54550-2 D"E 15 March 1974 I BLOCK NO. I

pAG! No 4



PLAN OF INSTRUCTION (Continued)

L-71 Fs 31 trisrp.4.41-1014 AND cal-rum:4 GNit T1 :Es
OUR AT ION

2
(tOuR.,)

3

SuPPrIP T MA TERI

b. Using selection charts and data
provided, calculate the heal load for a given
temperature and select and evaporator and
condensing unit to handle this load for econo-
mical operation.

c. Using a pressure-enthalpy diagram
plot the refrigeration cycle.

d. Using the pressure-enthalpy diagram
and the operating pressures Of a refrigeration
system, plot the cycle and operation of the
system efficiency to a + 5% of the rated
system capacity.,

Day 7
(6/2)

Day 8
(6/2)

Days 9, 10
(12/2)

Instructitinal Materials
SG 3AZR54550-2-1-3, Thern.dynamics, Principles of Refrigeration
WB 3AZR54550-2-I-3-P1, ,t^...jo, Components and Refrigerant Flow

Through a System
WB 3AZR54550-2-I-3-P2, Calculating Heat Loads and Equipment

Selection
WB 3AZR54550-24-3-P3, Plotting the Refrigeration Cycle With the

Pr essure-Enthalpy Diagram
WB 3AZR54550-2-I-3-P4, Plot the Refrigeration Cycle and Check

Operation and Efficiency of a System Using the P. E. Diagram
Textbook; Modern Refrigeration-and Air Conditionthg

Audio Visual Aids -

Transparencies 4. 4 #4. 4 y-21--A-18:7u,

Slide Rem d'Set U eft- .e)

Charts 1)4..i..r..z.2z.-4-
Training Film 5536a, Basi Refrigeration

Training Methods
Discussion/Demonstration (18 hrs)
Performance (11.5 hrs)
Training Film (0.5 hr)
Outside Assignment (8 hrs)

Instructional Environment/Design
Classroom (30 ,hrs)
Study Hall '(8 hrs)
Group/Lockstep

Instructional Guidance
Discuss matter, poinfing out its different states. Discuss heat, the
types and methOds of transfer. Use transparenties and training film
5536a to aid in discussing the refrigeration cycle.

PL AN OF IN ST RUCTION NO 3AZR54550-2 DATE 15 March 1974 .
IBLOCK NO. P.3..;' IV" 5



PLAN OF INSTRUCTION (Continued)

DURATION
UN' IS 01 N',T,+..K.I.ON AND CR' T ERIC,N OBJECTIVES 1HOURSI

SUPPOR 1 %TA T ERIAI S AND GUN-TAN, T

2 _ .......
Discuss methods of calculatitr: heat loads and types of heat to be
considered. Discuss the ,cha.Is used to select equipment to remove the
heat load calculated.

Discuss checking system operation and efficiency using the P. E.
diagram and different refrigerants.

Discuss refrigerants and their thermodynamic properties and the P. E.
chart and methods of plotting the cycle.

. Related training_ (identifiedin Course (2)

Chart)
.

,

,

.

,

---
.

,

,

,

,

.

PLAN OF INSTRUCTION NO. 3AZR54550-.2 15ATE 15 March 1974 BLOCK NO. PAGENO.

l/



COLASE PTLE

PLAJt OF INSTRUCTION Refrigeration and Air Conditioning Equipment

15.,.,,) lir, 6

Major Components, Domestic and Commercial Refrigeration Systems

umrs of tNsTkLIE.T10.4 Au., E, ON OBJE,..-.rvES

Refrigeration and Air Conditioni
Components

a. Using workbook schematic, pressure
and temperature readings, check the operation
of the compressor, condenser, evaporator and
metering devir to-provide correct operating
conditions as s ecified by workbook require-
ments.

b. Using workbook schematic, selection
charts, and data provided, size system liquid
line, suction line, discharge line, and con-
denser to receiver drain line to provide
acceptable pressure drop and gas velocity as
specified by workbook requirements.

Dr./RATION
tHCciRS)

2

16
Days 11,1

SUP POR T MAT ERI ALS AND t:LeD

Day 11
(9/3)

Day 12
(3/1)

Column 1 Reference CTS Reference
la 3aTI).-3-1(2). 3a(4). 3b(1).

315(2), 3b(3). ;31(4). 315(5
3-c (2) , 3ffi. 3a(2). 3ell SET2).

Te4), FeT6), 3e(71,
n(g) , 309), 3e(10),-Tir11173-e-(12)

lb

Instructional Materials
SG 3AZR54550-2-II-1, Major Components, Domestic and Commercial

Refrigeration Systems
WB 3AZR54550-2-II-1-P1, Check Operation of Compressor. Condenser,

Evaporator and Metering Device, and Size Refrigeration System
Piping

Textbook; Refrigeration and Air Conditioning

Audio Visual Aids
Transparencies

PI v
Training Methods
Discussion/Demonstration (3 hrs)
Performance (6 hrs)
Training Filins/Slides (3 hrs)
Outside Assignments (4 hrs)

Instructional Environment/Design
Classroom (12 hrs)
StUdy Hall (4 hrs)
Gtoup/Lockstep

a"eze (Li. ecy eZZ-4.-)t

Pt AN Or INsilhoeTION'NO. 3AZR54550-2 DATE 15 March 1974 BLOCK NO. II PAGE NO. 7



PLAN OF INSTRUCTION (Continued)

DURATION
'1

VP4' TS OC 04 ,T ,. , IQ, A..t: CR T iaON OBJECTivES
i

(HOURS,
2

SUPPORT &IA if RIAt S Ati'. 1 i

Instructional Guidance
Discuss the major componcras of refrigeration systems using slide
record sets and transparenci.2s. Discuss refrigerant piping using
slide record sets and transparencies.

..

2. Domestic and Commercial Refrigeration 30 Column 1 Reference CTS Reference

Systems
,

Days 13,
14,15,16

2a . 4a, 4b. 4c, 4c(I). 4c(2), 4r(3).

a. Using a domestic refrigerator wiring 2b 4e(l), Tim
diagram, schematically wire current flow thru 2c 4e(3), 4e(4)

hot wire_, thermal, current, and potential 2d -5171b,-TE, 5c(1)

relays for correct operation and schematically 2-e -5-Cf2r _ _ - _ ______ _

wire two and three terminal thermal overload Day 13 2! 5c(3)

protectors for correct operation. (6/2) 2g 5c(4)
2h 5-a , 5d(1), 5d(2). 5d(3), 5d(4)

b. Using a hermetic compressor and ..

multimeter, determine the common, start, Instructional Materials .

and run terminals of the cpmpressor and SG 3AZR54550-2-11-1, Major Components, Domestic and Commercial

check the compressor for open or shorted Day 14 Refrigeration System's
motor windings. (3/1) WB 3AZR54550-2-1I-2-P1, Wiring Electrical Relays

WB 3AZR54550-2-H-2-P2, Analyzing Hermetic CompresSors

c. Using a hermetic compressor and WB 3AZR54550-2-II-2-P3, Wiring Commercial Systems

motor starting cord and motor start analyzer WB 3AZR54550-2-H-2-P4, Operation and Adjustment of Multi-

check the compressor for operable condition.
.

(3/1) evaporator Systems
xTestbook; Modern Refrigeration and Air Conditioning

d. Using a commercial refrigerating
unit wiring diagram, schematically wire a Audio Visual Aids

.

magnetic line starter with line, load, and Day 15 Transparencies - klerni.:(27...c... am.,21 ec-nueut.r_ta.A.W ,' P-ie.)

control circuits for correct operation. (2/. 5) Training FIlm, 6038a, Electrical Troubleshooting. C m essors
. Training Film, 5624, Starting Relays

Training Film, 6038b, Electrical Troubleshooting, Compressors
. Training Film, TF6038b, Compressors, Hermetic and Semihermetiel-

Starting Relay Circuits .i.)4 Oe-471J-e4,
"/.' c.. 41...Attt;v0.77-Zel. 5tILd...T.A3, . di '34-'0

1/4/9t1,,t-aivit..2&'e \le-146'0 . A T '5 S tEl *UX1 anta 1 . C '
PLAN OF INV qUCTION NO. 3AZR54550-2 DATE 15 March 1974 BLOCK NO. II

PaGE NO.
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PLAN OF INSTRUCTION (Cont inued)

UNITS OF .r.1 kJ,: I ON AU& (R.7 ERION OBJECTIVES

'f37-ng

DURATION
thou RS)

2

(2/. 5)

(1/. 5)

(1/. 5)

Day 16
(6/0

(2)

SUPPOR T MAIERIAE $ AND DUIDAN:

Training Equipment

E

e. a commercial refrigerating
unit wiring diagram, schematically wire
temperature low and high pressure motor
controls and coqipute adjustments to maintain
desired conditi3Ils stated in the workbook.

f. Using a commercial refrigerating
unit wiring diagram, schematically wire an
oil pressure safety failure control and corn-
pute adjustment to maintain the conditions
specified in the workbook.

g. Using a commercial refrigerating
unit wiring diagram, schematically wire an
automatic defrost control and compute
adjustment to maintain condition specified in
the workbook.

h. Operate and adjust a multi-evaporator
system to maintain the different spaces to the
temperatures specified in the workbook.

..
,

. Related Training (icdntified in Course
Chart)

features of domes-
training films to aid in the

construction and types of
Use training

analyzing hermetic com-
Discuss the construction

system. Use transparencies i
wiring and adjustment of '

Discuss the purpose
obtain different ar.eas-at

aid in the discussion to
adjustment. Emphasize

Trainer, Hermetic Compres:.--4- (12)

Trainer, Multiple Evaporator System (12)
Multirneter (12)
Motor Starting Cord (12)
Motor Start Analyzer (12) ,

Training Methods
Discussion/Demonstration (9 hrs)
Performance (12 hrs)
Training Film (3 hrs)
Outside Assignment (6 hrs)

Instructional Environment/Design
Classroom (18 hrs)
Laboratory (6 hrs)
Study Hall (6 hrs)
Group/Lockstep

Instructional Guidance .

Discuss dornesifc refrigeration and the construction
tic refrigerators. Use transparencies and
discussion of wiring and relays. Discuss the
herrnetic compressors used in domestic refrigeration.
film to aid-in the discussion of methods of
pressors. Stress safety practices involved.
and major components of a typical walk-in
and training film to aid in the discussion of
control systems common to commercial systems.
of multiMe systems and the methods tiSedko
different temperatures. Use tiansparencies,to
illustrate the use of control devices and their
safety at all times.

PLAN OF ANMIEJOICW NO. 3AZR54550-2' DATE 15 March 1974 I nocK NO. H
1 PAGE Ni: 9
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PLAN OF INSTRUCTION

COURSE TITLE

Refrigeration and Air Conditioning Equipment

BLOCK IITLE

Au- Conditioning Systems

T S OF INS] RuC 1 ION AND CR.TERION OWE( TIvES
DURATION

(HOURS)
2 3

SUPPORT xtAtt ERI ALS ANO GUIO,ANCE

Air Movement, Calculations, and
Psyehrometrics

a. Using sling psychrometer, determine
the wet bulb and dry bulb temperatiires of air,
and wet bü1b depression, within .2a.o accuracy.

b. Using workbook and psychrometeric
chartplot given air measurements to deter-
mine the*air conditions to within 2% accuracy.

c. Using workbook project, handout
reference tables, and load estimate forms,
estimate the sensible, latent, total hourly
heat load, and sensible heat ratio of the load
to 95% accuracy.

d. Using psychrometric chart and

workbook exerCises, determine air mixture
for final conditions and solve air conditioning
processes problems to within 2% accuracy.

e. Using psychrometric chart and heat
load estimate results, determine within' 5%
accurascy, the supply air condition and volume
requirements to remove the hourly sensible
and latent heat loads to maintain comfort
conditions within a given building.

16
Days 1'7,18

PLAN Of INSTRUCTION NO. 3AZR54550-2

Day 17
(1/.5)

(2/. 5)

(3/1)

Day 18
(2/.5)

(2/1)

Column 1 Reference
la
lb
lc
ld
le
lf

CTS_Reference:
6a 613, 6b(1), 6b(2)
6a, 6b, 6b(1), 6b(2)
6a; 6b, 6b(1), 6b(2)
613(3), 6b(4), 6b(5)
6b(3), 6b(4), 6b(5)
6b(3), -6b(4), 61)(5)

Instructional Materials
SG 3AZR54550-2-III-1, Air Movements, Calculations, and

Psychrometrics
WB 3AZR54550-2-III-1-P1, Determining Wet Bulb, Dry 13,1b and Wet

Bulb Depression
WB 3AZR54550-2-III-1-P2, Air Conditioning Process Calculations

Textbook: Carrier Air Distribution Manual

Audio Visual Aids
Transparencies- 0.:A. ,21A4,4 PGcd-CA,1,e M.:ttiC 42

eticte-ReturcFset-t- tdzt-ee LS-4,Zz.c, /9 ro" /..? /9 L
/42-0.7.4-\--

Charts (Lc_ 7)!,1:/,',-P-efree 7,72Orct

Training Equipment -

Chart, Psychrometric (12)
Sling Psychrometer (1)
Ductulator (12)

Trainitig Methods
Discussion/Demonstration (4 hrs)
Performance (8 lirs)
Outside Assignment (4 hrs)

DATE 5 March 1974 -7137.C7C7NO.
PAGE NO

4
10

32

cr-i



PLAN OF INSTRUCTION (Continued)

uNt 1, OF NSTRTION AND CRITERION OeJECTIVES
DURATION

IHOURS)
. SUPPORT mATERIALS AND CuN: E

f. . Using calculated air volumes and
workbook steps, adjust air volumes to within

of the specified C FM for each outlet uf an
air distribution system.

,

. Direct Expansion Air Conditioning Systems

a. Using assigned window air conditioning
unit and workbook project; operate and service
the unit to specifications listed in the workbook

..

b. Giver a wiring diagram of the control
and power circuits of a residential air condi--
tionnig unit and a list of trouble symptoms,
determine the ca'Use of each listed trouble.

.

,
t

,

(2/.5)

16
Days 19,20

Day 19
(6/2)

Day 20
(6/2)

.

DATE 15

,

Instructional Environment,'D .si-a
Classroom (12 hrs) .

,

Study Hall (4 hrs)
Group/Lockstep

Instructional Guidance .
Discuss the terms relating tu the psychrometric chart and the-procedure.

for determining the properties and conditions of ,air. Discuss the

procedures for determining and calculating air conditioning heat loads.

Discuss air mixing methods and how to determine the final condition.

Discuss, the different types of air measuring instruments and their uses.

The classification and sizing of diictS and Methods of-determining-C-FM-----

requirements shall be discussed ,using the ductulator and selection

tables,
..-

,

Column 1 Reference , CTS Reference
2a
2b

Instructional Materials

7a, 7b, 7c
7d, 7d(1)., 74(2) 7d(3), 7d(4), 7d(5),7d(6)

SG 3AZR54550-2-III-2, Direct Expansion Air Conditioning Systems

WB 3AZR54550-2-III-2-P1, Operate and Service Window Air Conditionin.

WB 3AZR54550-2-III-2-P2, Operate and Electrically Troubleshoot

Residential Air Conditioning
,

Textbook: Modern Refrigeration and Air Conditioning

Audio Visual Aids
- c'

%.--)t-";(..-^A..*

Transparencies AL, c t bie/Aa.)14x, aL. de 77(4 61 ex
ri7734.-i

8-iittelleeerd-Sete.
Training.Film, 6361, Home Heating and Air Conditioning ControlSystem-

Charts - is.).1-',.; et Eci...pa-It ,i,u,--k, al .k, (... ,if et td- ic.?.. .,,,...c2.

,

Training Equipment
Trainer, Air Conditioner,
Trainer Ar

March 1974

Residential (12)
nd' nerWind i .

.

BLOCK NO. III
PAGE.NO. 11

PL AN OF INSTRUCTION NO 3A7R54550-2
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PLAN OF INSTRUCTION (Continued)

UN1 TS OF INS T RUC TION ANO CRIT ERION OBJECTIVES

1

DURATION
(HOURS)

2

' SUPPOR T MATERIALS AND GUIDANCE

3

,
Training Methods
Discussion/Demonstration (4 lirs)

..
Performance f 7.5 hrs)
Training Film (0.5 hr)
Outside Assignment (4 hrs)

Instructional Environment/Design
Classroom (4.5 hrs)

,
Laboratory (7.5thrs)
Study Hall (4 hrs)
Group/Lockstep

i

Instructional Guidance
Discuss air conditioning fundamentals covering the definition and types.

Discuss window air conditioning units stressing the operation, service,

and troubleshooting. Emphasize safety as apPlicable.

Discuss the residential unit covering components and their functions,

uSe transparencies and training film to discuss unit wiring and control

systems. Stress troubleshooting electrical systems and residential

unit service procedures.

3. Centrifugal Air Conditioning Systems '20 Column 1 'Reference CTS Reference

Days 21,221
and 23

3a
3b

7e, 7 (1 , 7e(2), 7e(3), 7e(4)
' 7e 5

a. Using a centrifugal system schematic,
plot the flow of refrigerant through the system

3c
.

' 7e(6)

and label the plots to identify the components Instructional Materials

and state of refrigerant to conditions specified Day 21 SG 3AZR54550-2-III-3, Centrifugal Air Conditioning Systems

by the workbook.
(6/2) WB 3AZR54550-2-III-3-P1, Centrifugal Refrigeration Components and

Cycle
WB 3AZR54550-2-III-3-P2, Centrifugal Refrigeration Capacity Control

WB 3AZR54550-2-III-3-P3, Troubleshooting Centrifugal Systems -:

/
. i

Manual: Carrier Centrifugal Air Conditioning Equipment

PL AN OF INSTRUCTION NO. 3AZR54550-2
DATE 15 March 1974

,
BLOCK NO. III

.

PAGE 440 12 . ,



PLAN OF INSTRUCTION (Continued)
.

UNI TS OF INSTRuC nom ANO CRITERION OBJECTIVES

i

DURATION
(HOURS)

2

.,

SUPPORT MATERIALS AND CuInANCT

3
,

b. Using workbook and equipment pra-
vided, locate, identify, and give the function
and operation of the capacity controls of
centrifugal systems.

.

c . Using given centrifugal refrigeration
machine problems and troubleshooting chart,
identify probable causes and list remedies for
system failures.

_

.-..
. .

,

.1

Day 22
(6/2)

Day 23
(3/1)

.

Audio Visual Aids
(.;k :TEL ,LI': at ti

cf _
I...4 .^&z4

100 Ton Centrifugal

Transparencies
-S444e-Reeer-4-gots-.
-iiimWd&- V-1,,,wieLaz,Z,..,,d_44,4

Training Equipment

4 (14,12t- (")

,

t-L slit

.zaa te-X..)y

(12)

.

/
,

....
and centrifugal systems.

the states of the refrig-
During the discussion

understanding.

systems used, in
on. a field trip' to

manufacturers. During
of operation.

. /
with' centrifugal machines,

PAGE NO 13

Trainer, Air Conditioning,
.

Training Methods
Discussion/Demonstration (0 hrs)
Performance._ (6 hrs).
Outside Assignment (5 hrs) '

Instructional Environment/Design
Classroom/Field Trip (13 hrs)
'Laboratory (2 hrs)
Study Hall (5 hrs)
Group/Lockstep

Instructibnal Guidance
Discuss the relationship between reciprocating
When plotting the refrigeration cycle discuss
erant and the major components of the system.
use transparencies and slides to aid in student

,
Discuss the methods and types of capacity control
centrifugal refrigeration systems. Take students
various buildings to view-equipment of different
the tour emphasize control locations and similarity

Diseuss the possible troubles that-may occur
their symptoms, and the remedy fbr each trouble.

.

PLAN OF INSTRUCTION NO. 3AZR54550.-2
DATE 15 March 1974 BLOCK Np. III 1

3 3
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PLAN OF INSTRUCTION (Continues*

UNITS OF INS f RUC TION.AND CR(T ERtON 08JEC (RYES

I

DuRATION
(HOURS)

2

SUPPOR T NAT E RIALS AND GUIDANCE

3

'

-

.

.

,

.

.
. Related Training (identified in course

chart)

. Course Critique and Graduation
.

.

*
1*

<

2

(1.0)

.

-.

Instructional Environment /Design

of components, and the flow
system. Use transparen-

Classroom (8 hrS)
Laboratory (4 hrs)
Field Trip (2 hrs)
Study Hall (3 hrs)
Group/Lockstep

Instructional Guidance
Discuss the principle of operation, location
of system fluids through the lithium bromide
cies and training film to aid in the discussion.

Discuss the methods of servicing and checking
performance using charts and graphs. Take
1000 man dormitory to view machines pointing
system components. Using transparencies
control sequence of operation Thr a typical lithium
Discuss pneumatic control terms and demonstrate
capacity controller. Discuss the possible troubles
symptoms, and the remedy for each trouble.

.

.

absiirption manine
students on a field trip to

out service points and
and charts discuss the

bromide machine.
calibration of a
that may occur, their

Conduct course critique.
.

.

.

.
PL AN oF owl' RoCTIOti NO 3AZR54550-2

OAT E

,..

a

()LOCK HO.
PACE NO 15



PLAN OF INSTRUCTION (Continvelb

STRUCTION AND CT ERIDN OBJEC Iva SUNITS OF IN IH
DUR ION

(HOUATRS)
2

SUPPORT MATERIALS AND GU:DANCE

. Absorption Systems

,

a. Using an absorption system schematic,
identify major components and trace system
fluids flow to conditions specified in the
workbook.

b. Using workbook project, determine
the condition of-machine vacuuni and list the
procedures for charging or removing refrig-
erant and absorbent maintaining a solution
concentration as specified by ffie workbook.

_5>V-rising an absorption unit wiring
diagram, trace the sequence of operation for
startup and shutdown of a lithium bromide
machine.

d. Using assigned trainer, calibrate and
adjust a capacity controller to maintain 70°F
+ 2°F.

e. Given a lithium bromide troubleshOot-
ing chart, complete workbook project by
stating troubleshooting procedures on a system.

17
Days 23,
and-25-____"\
Day 23

(3/1)

Day 24
-(6/2)

Day 25
(2/0)

(2/0)

-

(1/0)

Column 1 Reference CTS Reference

a

.

_e

4a
4b
4c
4d
4e

Instructional Materials

- 71, 'h(1), 7f (2), 'U(3)
7f (4)

.

.

Components and

Systems

Capacity Controls
Absorption Systems

Conditioning

71(5)
71(6)
Tilli)

SG 3AZR54550-2-11I-4, Absorption Systems
WB 3AZR54550-2-111-4-P1, Absorption Refrigeration

Cycle
Wii 3AZR54550-2-11I-4-P2, Servicing Absorption
WW3AZR54550--1,111.-z-4=P3-,-Abtorption-Electrical.-,Systems-
WB 3AZR54550-2-11I-4-P4, Absorption System
WB 3AZR54550-2-111-4-P5, Troubleshooting
Manual: York Operation, Service and Maintenance

.
Audio Visual Aids
Transparencies ..

Siicke-ileeord-Sets
Training Film CE-9, Lithium Bromrde Air

-eitalits .

R'e evric.?4"/ S-bd e s : 0t-zioZtx.
Training Equipment
Trainer, Refrigeration Controls (12)

Training Methods
Discussion/Demonstration (9.5 hrs)
Performance (4 hrs)
Film (0.5 hr) . .

Outside Assignment (3 .hrs)
Graduation (1 hr) .

k' 1:,!
-.

PLAN OF INSTRUCTION NO. 3 AZR54550-2 DATE 15 March 197- - BLOCK HO. PAGE.NO. - 14
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LZ PLPIC"rn C-1TrItATIC:t

(14)

CRITERION OBJECTIVES ttr TEACHING STEPS (CtrolisueB

dofinition at -current, its effects and related fnctorv

4
s,c

(5) dcfinition of rcsitnnoe, its effects an.l.rciated

(3) conductom, in-ulntore and their regnirements

'(7) resiroments of; a rimple circuit

requircnents of a series circuit

(9) reT;iremcnts of.a parallel' circuit

i

1

1

1 2b. Using a eThotric71 -.,rainer rn.: 71ultimat-r, Ira e voliageand rssistance_cE

circ,.:its to nn ac:-;.racy of

(1) pu pose and operational
applications of the voltmeter, ammeter, an& ohmmeted

1
(2) ty preenutionc-as applied t.) 7.:!;1'dmeterr,

i

i

!

J 2c. --'n the - rbr ,'-- a.' Yi.'i, :
N .. 4 . ,,, -cn;--r:Ict nr. orcrr'.- ,-1--

11.31 circtzit. Using the Nulti-e-:.. cd:1:- C'.-Ims Lr'i nrcl ;': .', -1-.-- !,,,. -:.:,:s 1

'o find the unknown factors Zor cach circui'. observinr P.11 tpi.-''1.. sn'..,,V

pre^nutions

i

all applicLlv safety preczahorts.

(1) iins LPW and operatic.:
charnev,ristics of n

(2) 01-.7.s La anc ! epernting charPcteri:7tios (Jr a series cir.-.11'.

(3) ;Irls Law-and i.:perr,tinr,
charncteristics of n_pnrnilel

2d. the workbook, mul+ineter, trniner, '

or;ns, shorts, and r,rnicnl :-:alfunctiens ohservinr nil ppDlicr:, rr2C:

pnnnutions

(1 trouhleshootin::
ircuit to leec-..e ,:penc

y --lhlechoot-7ng a circuit to locate 'slrJrts

(3 troubleshootinr A circuit for low power P:1:: ri'"C;t%ninnl..

2e. Usinc workho-.:k, identify the operatinr o2 c.c.

containing capacitarco nnd inductive reactance

(1) diff'erence between a.e. and d.c. electricity

fr.nuenty

(3) cycle

(L.) alternation

(5) sine wave-



(6)

...,
(r-rt I, r--.er-1) 0.1`111"11 AtIc3:1 VIKET

croTERIOH Of3JECTI VES AO fFACIONG STEPS (Om/4100

generation

r (7) coil in an a,c,

(?) ::aprcitor in Pr. r.c. circti

-:orkhoL cc.tic anct c(mnect 110,

2?0 th,r.ee-phase
o .P power ohservine-, nr!

requiremen0 ;3nd apnlicable safet,y prc!cautions

(1) sin=4.1e-phase traor7-,rs

(2) 7tyr.e t hrnP-ph;) fie tear..f 2.17101T

(3`, 3014.P -type `ie tran-f)rmers

(!.)
requin:r.ents

2-, ;;r1..r.,- -lorki:ook ide:-tii'y ,.-Icononts

three-phase. md se -:otors 0.::Fortring data pinte iriren,3nt

(1) 1-",cr comn,in!tr of three-phase r!otor:

(2) prir.ci-.103 af operntion of three--pLase motors

(3) int.orn;-] and ^1 of three-phase motors

(L) mor component: f rin.le-phase motors

prircipler of ovratim of single-phaSe MotOns

(5-) int,-rnr1 of sirxle-.2.hase motors

(7) t:Ter, selection n1 4,rouh1eshoutin:: c7pFcitors

2h. "qin .workhh-:!:, r.ultineter, -H. a.
of n:slfunctions c-r 120 --olt,

'functions on 71-.9 220 volt, 60 cycle, three-uharr: t;-f-f,w,r 1
.

f.Jr.."tions on ' 22n- 7o:it, 60 cycle, h: re 'ner, P ;

spfe4-- .4ioic

,.r.)lib?.c-shoot-2.:.:: nrcr,-:e&ircs for opens in an a.c.

t.

t.r3b1r...rooting nr-:-0.4.1res for shorts in -Ir. a.c. ctrcit I

;3` tr
twor-:-.:u.res for low power in an

;
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a solution concentration as specified by the workbook.

(1) standing test'

(2) running vaodqm test

(.3) leak tes.gsg

(4 ) charging refrigerant and/or absorbent

(5) removing refrigernnt and/er absorbent

(6) .sollition concentration check

4c. Using an.nbsorption unit wiring diogrnm, trace the senuencP of ovrrat:on

for start-up and, phut-down of lithium bromide machine.

(1) types of control systemo

(2) control operation/start-up

() control operation/shut-down

'N4d. 1:siss assir7ned trniner, calibrate mad adjust capacity controller 'o

maintain 70 degrees F. , i> 2 degrees F.

(1) pneumatic control terms

121_1479_144_qp_nsor components/operation

(3) LF914A,eennor operational checks

(4) RF9OSA controller components/operation

(5) RP908A chilled ,,Jater Controller calibration

4e. Given lithium bromide machine troublerhooting chart, complete worok

-projeCt by-stating troubleshooting procedures on s system.

(1)solidification at rtprt-up

solidification during operetion

() low capacity

(4) solil'ification at shut-(own

(5) nir loak.into mpehine

ATC "1" TM
4UG 72.
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(6) mnohihe hut-own on sorety contro1s

(7)- TOTeor iTifolittrift-Tdittte---docin

(8) failure- to 'keep machine purged
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I-1 Course Orientation

1-2 Electrical Principles, Circuits, Components, and
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. DepartMent of Civil Engineering training SG 3AzR54550-24-2
Sheppard Air Force Base, Texas

ELECTRICAL PRINCIPLES, CIRCUITS, COMPONENTS, AND TROUBLE ANALYSIS

OBJECTIVES:

Thi8 study guide is designed to aid you in becoming familiar with the principles of
electilcity, the EfOes 6feriEfficarEirculte and vaiious components. It will develop
practical proficiency in trouble analysis of 'electrical malfunctions common to refrigera-
tion and air-conditioning equipment.

INTRODUCTION:

Have you ever stopped to think what- you would'be 'missing if there4wasn'tany -elec-
tricity? There would&t. be any lights, radio, TV, fans br refrigeration, and air con-
ditioning,

It is your job as a refrigeration and air-conditioning specialist to determine if a
malfunction is caused by the refrigeration system or the electrical system. Approxi-
mately three-fourthe of all refrigeration malfunctions are caused by electrical troubles;
therefore, a good working knowledge is essential in doing your job.

At first glance this unit of instruction may appear quite lengthy, don't let this stop
you from digging in and getting the material. Study it carefully and you will build the
sound foundation for succese.in your career specialty.

STUDY ASSIGNMENT: "Modern Refrigeration and Air Conditioning, " paragraphs 7-1
through 7-43.

STUDY NOTES

Paragraph 7-1.through 7-12.

Electricity is a mystery to most people, in fact many people are afraid of it. These
paragraphs are an elementary study of the essentialsof electricity. They are the things
you must know before you cgn proceed to a futher understanding of electrical units and
their operation.

Volts are the pressure units. Amperes are the number of electrons flowing per
second in any electrical circuit. You must have both, for together they determine the
poiver. The word amperage means eilirent flow. Electricity las a difficulty in flowing,
the term applied to this is called resistance.and its units are called ollms. Ohm's Law
has been used for decades, ypu need to understand it and know the relationship between
voltage, current and resistance.

Magnetism is a fascinating subject. Motors are possible because of the ability of
electricity to create magnetism and the characteristics of this magnetism as it repels and
attraets in the coils of a motor. An electric motor uses the changing magnetism of
alternating current to produce rotary motion.

5
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Paragraphs 7-13 tl;rough 7-19.

There you will find an elementary explanation of magnetism, and how it is used to
produce an electric motor. Induction motors are motors that produce motion by induc-
ing magnetism in the rotor.

Paragraph 7-31.

The refrigeration specialist Must.familarize himself with the power source and
motor properties. The motor properties that must match the power source are voltage,
cycle, and phase. Before installing equipment always check the power source.

Paragraph 7-32. (

Before connecting the electrical power wires to a motor, you should always check
its voltage rating and the rating of the power line. If you should connect a 120-volt motor
to a 240-volt line the motor will burn out. Always check the voltage at'the motor leads
with the motor running. Also check the amperage or current draw of the motor, it must ,

agree with the nameplate rating. A motor must always be protected, use the correct
size fuse or o.verload.protectors.

Paragraph 7-33.

Line voltage has become of increaSing concern to the refrigeration specialist, due
to voltage fluctuations caused by the increased electrical demands. 'Improper line voltages
cause many problems. Line voltages can vary from five to ten percent. Line voltage
transformers (figure 7-35) are designed tb increase or decrease the input voltage to
motors as needed.

Paragikihs 1-34 and 7-35.

The catagories of motors using .ac are listed on these pages. The applications of
eacli motor is given. You should be knowledgeable of each type of motor ind its applica-
tionx

Paragraphs 7-36 and 7-37.

Split-phase induction motors are used exclusively as a fractional hp.motor. It is
low cost and simple in operation. It has two starter windings; a Start winding and a
run winding.

Paragraph 7-38.

The ,repulsion-start induction-run motor is used on conventional or open systems;
study this mater-ial earefully..

Paragraph 7-39.

The capacitor.start induction motor is the most popular for use in both conventional
and hermetic or sealed systems. This is the motor you should study very carefully as
this is the type you NT411 work on most frequently.
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Paragraph 740.

A refrigeration specialist should becothe as expert on motors as possible, he must
be able to determine the trouble it there is a fault in the motor both mechanical and .

electrical. He should be able to replace bearings, starting switches, .and other parts
as necessary. Mounting, pulley alignment, lubrication, and cleaning of motors are very
Important and should be checked whenever you are working with motors._
Paragraphs 741 through '7-43.

Study these figures and paragraphs carefully; they contain valuable information you
must know ancrwill use frequently in the performance of your duties.

. .
Hermetic motors will be covered in another unit of study in the course. You may at

your own discretion read the information covered to prepare yourself for future study
of these systems.

.SUPPLEMENTARY,INFORMATION

CONSTRtCTION OF MATTER

To understand the nanire of electricity, a discUs-Sion of matter is necessary. All
matter, aich as meta;s, water, rubber, and air is made of small particles called

,moLecules.

Molecules

A molecule is the smallest particle
of any compound that can exist and still
be the same.substance.. For example,
a molecule of salt is the smallest par-
ticle of 'salt thgt can exist and still be
salt. Let us examine a single molecule
of salt.more closely. If we were to
divide this one molecule of salt, we
wouldn't have salt any mOre. We would
have one atom of sodhim and one atom
of chlorine. See figure 1.

Atoms

S'ALT _MOLECULE

c.-04c

Figure 1.. Molecule of Salt
Atoms are so small, that two hundred

million of Wm placed side byside would only measure one inch. ln spite of this,_we
'have a very cliar ideta of,what goes on inside an. atom,

Construction-of an Atom --.- .

_ , t
. An atom is constfuoted in a manner which greatly resemblei the solar system of

t..1-,e sun and earth. Each atom has a core (like the sun) and one or More planets (like
, the earth) revolving about it.

7
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The hydrogen atom is the simplest of all atoms. It has just one planet revolving
about its core, see figure 2. In an atom, the planets are callettelectrons (negatively
efiarged partic

ORSIT
OR EARTH

PATH EL ECTRO/1%,,,

-e -. . OR OLT OR / PROTON
/ \- PATH /

/ SUN %
1

1 1t 1
1

. ,
I I1 t

EARTH REVOLVING ABOUT
THE SUN

NUCLEUS
S.

HYDROGEN ATOM

I ettronsFigure

2. Solar System and Flydrggen Atoni

Th e arc, together with protons (positively charged particles) and neutrons
(neither positiO, nor negative), make up the atoms of which matter is composed. The
electrons are in constant motion abcut-the nucleus, see figure 3

SULFUR ,ATOM

@PROTONS

ONEUTRONS _COPPER ATOM

Figure 3 Construction of an-Atom
8
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Some of these electrons are loosely held by the nucleus and will move freely when
an electrical pressure is applied. The uniform flow of these electrons is called electric. ,

current. If a substance has a large number of free electrons and allows current to flow
ea.VIT the substance is called a Conductor. Other substances, such as mica, glass,
and rubber have few free e1ectron-5arid-Trevent the movement of their electrons. These
substances are called insulators.

ELECTROMOTIVE FORCE

We are all familiar with the fact that it takes pressure to pish water through a hose.
In the city water system we have approximately 60 psi of water pressure. This pres-
sure will push a certain amount of water through a 1/2-inch water hose.

It is understandable, then, that to have electricitywe must first produce electrical
pressure which will force the electrons through the wires and through the electrical
:.ppliance. This pressure is called electromotive force,...voltage, or difference in po-
tential. These terms all have the same meaning.

Electrical pressure is obtained by converting heat, mechanical and chemical energy
lap electrical energy. The battery on your car is an example of chemical energy which
is converted into electrical energy. The main source of voltage, however, is the con-
version c.,f mechanical energy into electrical energy, as in the _ease of the generator.

onerate a Voltage mechanically, three things are needed. "You must have a conductor,
a magnetic field, and relative motion. Combine these three, move the conductors or
magnetic field, and voltage will be generated.

Some facts about voltage that you should remember are:

1. The Unit of measure for electromotive force (emf) is- the volt.

2. EMF is measured with a voltmeter.

3. The symbol for emf is "E."

4. The effect of emf is that it causes current to flow..

- CURRENT

The word "current" means motion or movement. Current is the uniform movement
if electrons (The pressure which moves them has already been explained.) -

Let's examine a piece of copper wire. The wire appears to be a solid piece of
material; however, this wire is made up of millions and Millions of electrons. If one
extra electron is pushed into one end of the wire, the atom has an extra electron. It
will now puSh this extra electron over to the next atom. This atom will repeat the
process until the end of the wire is reached. At the end of the wire the electron will

to any other object that needs an electron. This is what is happening when you see
an electric spark.

It is easy CO measure the amount of water flowing in a system. This might be one
;.-1n per second or 50 gallons per second. Where water flow measured by the gallon,
electron flow is measured by the ampere. In the simplest form, an ampere is
5, 220, 000, 000, 000 electrons passing a given point in one second. Of cocurse, this figure

9



is not used in practical applicAtion, but it does prove that an ampere is a given amount.
The symbol for current is "I." The meter used to measure electron flow is the ammeter.

The movement of electrons through a conductor will cause four different effects.

First, current will always cause HEAT. The amount of heat produced depends on
the amount of current flowing and the material'df the conductor. Copper conductors
give very_ little rthe in temperature, while nichrome is used in heating elements. The
conversion of electrical energy into heat is used in such devices as electric lights, stoves,
and soldering irons.

A second effect af current is CHEMICAL CHANGE. As current passes through
impure water it causes a chemical change. An example af this is the bresking down of
water into oxygen and hydrogen. This effect d current is also used to plate metals
Another use of chemical change is to charge batteries.

A third effect of current is SHOCK AB current passes through the body it produces
an effect known as physical shock. Hospitals use this in the treatment ct some illnesses.
It has no useful purpose as far as the refrigeration serviceman is co'ncerned; however,
it,can cause death if you become careless. Under ideal conditions as little as 4/10 of
an amp can kill you.

A fourth effect of current is MAGNETISM. Magnetism means the ability to attract
iron. Copper will not magnetize, bit current through a copper wire will set up a mag-
netic field about the wire. This magnetic effect of current is used in electrical motors,
generators, and electromagnets.

So far, we have been discussing electrical pressure causing electrons to flow. It
is reasonable to state that if nothing were to oppose the movement of electrons, there
cfrouId-be-- eXcessiVe curreff flow.

RESISTANCE

The opposition to the flow af current offered by the conductors and electrical appli-
elides is called resistance. The ohm is the unit of measure for resistance._ The meter
used to measure resistance is the Ohmmeter.

There are four factors which affect the resistance of a conductor.

One factor affecting resistance is LENGTH. Referring again to the water system,
if in had a hose 50-feet long, we'would expect a lot of water to flow through it. If the
length of the hose were increased to 100 feet, what would happen to the flow? The same
thing happens in an electrical conductor. The longer the wire, the higher the resistance
and the less current twill flow through it.

A second fac r 3ffecting resistance is AREA or DIAMETER. The larger the area
of the conductor, the/greater the flow ci electrons.

10



The third factor affecting resistance is MATERIAL. 'Any subki in which an
electrical pressure can separate large quantities of electrons fro* their atoms and force
these electrons to move in the substance is a good conductor.. Silver is the best con-
ductor. When the material of a conductor 1.13 changed, the resistance of the conductor
changes.

The fcurth factor affecting resistance is TEMPERATURE. Temperature is the
speed of the molecules in a substance. If the molecules are *moving,the atoms are also'
moving. If the temperatures of the _conductor increases, the_speed of the atoms increases.
This Increase in speed makes it more difficultIor oltage to separiti-the ereCtroffa
from their atoms; consequently, current decrease

PRINCIPLES OF MAcE1SM

A magnet is an object which has the
ability to attract iron. Any objeet which
acquires magnetism when placed in a
magnetic field is said to be magnetized.
Before an object (such as a steel bar) is
magnetized, the molecules point in all
directions, as shown in figure 4.

When the steel bar is placed in contact
with a magnet, the molecules will be re-
arranged as in figure 5: The steel bar is
said to be magnetized, and thus becomes
a magnet..

It is easy to arrange the molecules of
soft iron. But when the magnetizing force
is removed, its molecules will return to
the position shown in figure 4. However,
in hard steel, arranging the molecules is
more difficult, but the molecules remain
aligned.

EE-H38

Figure 4. Arrangement of Molecules in
, an Unniagnetized Steel Bar
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Wê taii-ddhellide-from-this--thatthere -
are two types of magnets, permanent and
temporary. Hard steel is used in making Figure 5. -Arrangement of Molecules
permanent magnets, and soft iron is used in a Magnet

in making temporary Magnets.

EE-H3A

In-any magnet- the ends are called the
-magnetic poles (north and south). If a
magnet is cut into pieces each piece be-
comes a separate magnet with a north and
south pole, see figure 6.

If two magnets are suspended and are
free to move, their like poles will repet-
each other, and their unlike poles will
attract each other, see figure 7.

s

EL:30
Figure 6. Breaking a Magnet Makes

Each Piece a Small Magnet



Unlike Poles Attract

Lines of Force

Like Poles Repel

FiKure 7. Attraction and Repulsion

The space around a magnet in which
its force may be detected is its MAGNETIC
FIELD. The magnetic field is made up of
LLNES OF FORCE, see figure 8.

When the theory of the, magnetic force
was proposed, it was believed that magnetic
loops, or lines, emerged from N poles and
entered S poles as shown in figure 8. The
theory founded upon this belief has never
been disproved.

Although you cannot see a magnetic_
fielci,kou can prove that one does exist by
placing a bar magnet under a piece of white
paper or plastic and sprinkling iron filings
on top of the paPer as shown in figure 9.

This experiment also proves that mag-
netic lines of force can pass through plastic
or paper. They will pass through all sub-

, stances, including air. In fact, there is no
known substance that will insulate magnetic
lines of force:.

12

Figure 8. Magnetic Field Around
a Bar Magnet

Figure 9. Illustrated Magnetic Field
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-When apiece Of soft iron ,ii-placed in
the air between Me poles of a magnet, the

_magnetic lines will take the path .01-leaSt
-reststance. Consequently, the lines will
pass through the piece of iron rather than
the air., see figure 10.

Magnetic Induction

When an unmagnetized bar is placed
wlzhin the magnetic field of another magnet,
the lines of force will pass through the
unmagnetized bar, see figure 11, aligning
its mokeples. When the molecules are
aligned, magnetism results. Thi's is called
induced magnetism.

Electromagnetism

,Magnetic,fields_are_alzo__produced by
electric current, see figure 12. Such fields
are called electromagnetic fields and are .

composed of lines of force like all other
magnetic fields. The force of the field is
strongest close to the wire or conductor.
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N

JP,* /, II
r,1 y ity ylItoe "

%at.,\\ = S N

--r-

Figure 11. Induced Magnetism

Figure 12. Magnetic Lines of Force
Around a Current Carrying Wire



A stronger magnetic field can be
obtained by looping the conductor to form
a coil as shown in figure 13.

If a coil is wrapped around a bar of
iron as in figure 14, the magnetic field
becomes still stronger. This is because
iron, as has already been stated, offers an
easier path bir magnetic lines of force than
does air, and because the bar becomes
magnetized and its linei of force add to

, those of the coil. The iron bar becomes an
electromagnet having polarity and all the
characteristics o any other magnet.

Left-Hand Rule

The left-hand rule for determining the
-polarity -of-a-coit-is- i11ustrated-4n-figure-15,

If you place your fingers around the
coil, pointing in the direction of electron
flow through the conductor, the thumb will

...point to the north pole of the coil. f t is
understandable that reVersing the Current
flow through the conductor will reverse its

Three things determine the strength of
an electromagnet:

Material in the-core......
Numbei of turns in the coil.

MAGNETIC FIELD WIRE COIL

\-- MAGNETIZING CURRENT

Figure 13. A Current Carrying Coil
has a Magnetic Field

p WIRE COIL

N11111 YINI \ PART

\- MAGNETIZING' CURRENT

Figure 14. The Electromagnet

Amount of current through the coil. Figure 15. Left-Hand Rule for Determin-

As long as current flows in the conduc-
ing Polarity of an Electromagnet

tor, the lines of force surround it. Bitiwken .
the current ceases to flow, the Lines collapse
Ind the iron bar loses its magnetism.
Therefore, it is called a temporary magnet.
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ELECTRICAL CIRCUIT `

Basic DC Circuits

Direct current (dc ) circuits aie circuits in which the current flows in one direction
only. Alternating current (-lc) circuits, which will be discussed in a later section, have
current that periodically reverses direction..

An electrical circuit is a closed path in which electrons can flow. The four basic
requirements of a circuit are (1) negative conductor, (2) positive conductor, (3) source
of power, and (4) unit of resistance.

The negative conductor is the connection made from the negative terminal of the
source at power to the unit of resistance.

The positive conductor is the connection made from the unit of resistance to the
positive terminal of the source of power.

The source of power or voltage is usually a chemical or mechanical energy con-,
verted to electrical energy.,

The unit of resikance is the opposition placed in the path of Current such as light,
fan, motor, and refrigerator.

The four basic parts of the circuit can be seen in figure 16.

BAT TER Y

POSITIVE CpNDUCTOR

SOURCE OF __.
-POWER-- -

NEGATIVE CONDUCTOR

Figure,16. Four Basic PartS of a Circnit

, 15
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TYPES OF CIRCUITS

Electrical circuits can be divided ,into three general classifications; series,
and_series-parallel. -

Series Circuits

A series circuit can be defined as one in which there is only one path through which
the voltage can force the current. In figure 17 is a diagram of a series circuit.

Figure 17. A Series Circuit

CHARACTERISTICS OF A SERIES CIRCUIT. Since there is but one path for the
current, all the current is forced through each resistance; consequently, current is the
same throughout the circuit.

The second characteristic of a series circuit is that the sum of the voltage drops
across each of the resistances should equal the total of appligTroltage.

The- third-characteristic- is-that_the_totaIsesistance is_equal to the sum_of the re-
sistance of each unit.

Parallel Circuits

A parallel circuit is one in which Ihere are ewo or moreTaths for voltage to,force
current through. containing only one unit of resistance in 2path, see figure 18

EC-140A

FigUre 18. A Para URI...Circuit

16



CHARACTERISTICS OF PARALLEL dIRCUITS. The total current in the circuit
is equal to the sum of the currents,flowing through all the paths.

The second characteristic is that the voltage across each unit in parallel is the
Same.

The total resistance, that is, the resistance of the circuit as a whole is less than
-the-smallest resistance in it.

Series-Parallel Circuits

A series-parallel circuit is one in which some units are in series and others are
m parallel. A diagram of a series-parallel circuit can be seen in figure 19.

LI

Ec-1011

Figure 19. A Series-Parallel Circuit

CHARACTERISTICS OF SERIES-PARALLED,CIRCUITS. The characteristics for
the series-parallel circuit are a combination of those for the series and the parallel
circuits.

Current is the flow, of electrons in a closed path. They are forced to flow by applying
an electrical pressure. Resistance is the opposition to the flow of electrons.

_

Four effects of current are heat, magnetism, shock, and chemical change.

Heat, chemical, and mechanical energies can be converted to electrical energy.

_ Resistance:of a conductor is affected by length, e, temperature, and material.,
_A circuit is a closed path for electrons to flow from a source ,cif pressure, through

resistance,_and back to the source of pressure.

Fuses and cirCuit breakers are used to protect the circuit in -case of an overload.
.

- References:.

1 Textbook: Modern Refrigeration and Air Conditioning. Althouse, Turnquist, and
Br.:.cciano

Textbook; Basic Electricity 'Electronics. Vol M. Van Valkenburgh, Nooger, and
Nc



ELECTRICAL METERS

later /Vlovement

The D'Arsonval meter movement, consists of an electromagnet rotating in the field
of a permanent magnet, see figure 20.

The current enters at terminal "C" and
causes doil "AB" to become an electro- art

magnet. By applying the-left-hand rule for
coils, you can see that "B" is the north
pole and "A" is the south pole. Since unlike
poles attract, "A" will be attracted by the
north pole of the permanent magnet and "B"
will be attracted by the south pole of the
magnet, causing the coil to rotate clockwise
and the pointer to move clockwise. If the,
amount'of 'current through the coil is in-
creased, naturally the magnetic field be-
comes stronger and the amount of rotatlon
will increase.

r'?

Figure 20. Schematic Drawing of the
D'Arsonval Meter Movement

If the direction of current flow is reversed, the coil tends to rotate counterclockwise.
Therefore, dc voltmeters and ammeters must be connected into the circuit with proper
polarity.- The terminals of these meters have their polarity marked.

DC Ammeter

Tfie ammeter is used to measure the
amount of current flow in the circuit.
Consequently, it will be connected in series
with the operating unit as shown in figure 21.

The coil of the meter movement is not
always capable of carrying the current flow
of the circuit. In order to enable the .am.-
meter to measure a greater rate of current
flow, it is only nece,' ad(' a bypass
f o r current or a s unt. . unt is a strip
ofltetat having loNV resis:-nrice.4 It4s con-
ected across the' Meter Lc ,:rninals to carry
rr...)st of cl.,3 cv.rrcr.t. I allows only a small
part of the current to flow through the coil.
The shunt may be inside the meter case or
it may be connected externally,' see figure
22.

SA-1114.3

Figure 21. Ammeter Connected in Series
with the, Unit

Figure 22, Athmeter.Construction
18
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Remember:
An ammeter is connected in series with the unit.
Connect the positive terminal of the ammeter toward the positive side di the
circuit. See figure 21.
Know the ammeter current rating and the circuit current before making any
connections.

DC Voltmeter

. "D

The voltmeter is used to measure the
differerwe in voltage between two points.
The voltmeter is connected in parallel to
the operating unit.

As you can see from figure 23, the
voltmeter is the only unit in a path of
current flow. To protect the coil of the
meter movement a resistance must be
connected in series to it, see figure 24.

The 'purpose of this resistance is to
limit the current flow through the meter
movement. Since the resistance of the
meter is fixed, thoamount of voltage
appliedlo the terminals determines the
amount of current flow through the coil,
thereby determining the pointer movement.

Remember:

A voltmeter is connected parallel with
the unit.

C,onnect the positivelermirial of the
voltmeter toward the positive side of
the -6-ifdiiit

The range of voltage you are checking.

Ohmmeter

Ail ohmmeter is Used to measilie
resistance. It contains a battery .and a
rheostat in series with the coil, see figure
25.

The battery stipplies the pi er to,
operate the meter movement. erefbre;
the main power source must" discon-
nected when using t met Severe
damage to the meter c occur if this
precaution is disregarded.

19
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Figure 23. Voltmeter Connected Parallel
to the Unit
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Remember:

The ohmmeter has its own source of power. Circuit power inuSt be off.

Adjust the pointer to zero before using the meter. Use the proper range jack for
accurate reading.

Multimeter, TS-297/U
The muttimeter, TS-297/U, is a meter for measuring'ac and dc voltages, direct

. current, and resistance. To select the desired meter, a SWITCH KNOB is set on OHMS
ACV, DEV, or MA, see figure 26.

COMMON JACK

uST OHMS

OCV

MA
ACV

00MA

DCV (P.
mA 100MA RHEOSTAT KNOB

40MA

X10 RX100 4MA

410

RESISTANCE RANGE JACKS. DIRECT CURRENT RANGE JACKS

Figure 26. Multimeter TS-297/U
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The naultimeter has a black and a red lead. The black lead is always placed in the
common jack, see figure 26 to locate this jack.. The red lead is placed in the jack
according to t,he function ,desired. The 4V through 1000V jacks are for ac or dc voltage
measurements. For exaAple, if you wanted to measure a 28V dc power source, the
switch knob would be placed on DCV, the black lead Placed in the common,jack and the

hd 1nrPri in 451y

-the R x 1, R x 10, and R x 100 jacks are used for measuring resistance and the
4 MA to 400 MA jacks are used fo?:-Ineasuring direct current...

. _

. The,dial is marked with three scales as
shOwn-infigure 27. The scale to be read-

.: . depends on the switch knob setting and the'
range sack into which the red lead is placed.
The top 'scale is uSed Tor measuring resist-
ance. It ranges frvm 0 to o0. -

.. ,,:-. -,. - .

-: The center scales are used for dc
vOltaie measurements- arid dc Milliamperes. LC. SCALE

the: SP* ending in 40 is,used when the red D.C. SCALE
;. Ieacrikin a range jack beginning with "4." ORMS SCALE

- _X116..SCO:le en'ding in 1a0 iTs used when the
reit lead is placed ina. range jack beginning. .

!:- with7'1, " see:figure 26 an .4

y
Figure 27. Three Scales on Dial,

,. . ,.., The tOwer sal labIide e, e ,s used for measuring ac voltage. It also has two setsfaci
.,- orcalibritions - 0 to.40:and 0 to 100, used in the same way as the dc.

. .

: .. . .
.

.

.

TheRHEOUAT..KNOB is used to adjust the meter pointer to 0 when the multimeter
is usea:.a.S an olinimeter.,.....,... . .

. .. .. .

''' Remeinber,
.. ,-;:-

-. .
To' prevent daniage to the.inultime,te.r.wh n measuring voltage, -c-iiiienc-Oi-reSist-
ance, .aiways start with:the highest-range.to -obtain the approximate reading. Then

...,
dse'the lowest range,poiSible a.4 indicated by the reading.

.. . ., - , .
t - _ . - .

' -Be sure toreadthe correct scale.
I- .- .....

thin voltages-acre dangerous' and may be-fatal. Follow posted safety rules., . . --
- .-

,Shut'oftpower ,Ahemineasuring - . ,
ISol:ate COmPOnenti for accUracy.

. ..-,
*".- NOt

.

L4MV.E7.HE SWITCH ON 0E13;t WHEN THE MULTIME
It 1;SE- AND THE -TI8T "LEADS ARE INSERTED, BECAIBE-

' Ce'IDTP..rA LSHORTgsta ;TEST PRODS WILL TEND T6
DACETHEfThR( . .

, .:.-
..

-

---.;-
.174 : .

.

" -:,:-',:.'-,-,';- .4!:--I-, tt, .

-.:,....-----:-..,,,) -.7.t,i,",,... ....---,..,. Ov.., '17
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OHM'S LAW

There is a definite relationship between current, voltage, and resistance of any
circuit. If the voltage is increased, the current increases proportionately. If the re-
sistance is Incrçasd, the current decreases proportionately. This relationship,is
known as OHM' Ohm's law can be stated as follows: The current in a circuit
is eval_to the vditage__ i_v_ilde4_by the_ resistance.. _ Mathematically it is writtexias

I =

The letter I stands for current; E stands for voltage or emf; R stands for resistance.
When voltage is known to be 12V and resistance is known to be 4n , these known values
are substuuted for their corresponding letters in the formula. The formula now reads'

12V
I -

Current may be 'found by dividing 4 into 12. It will equal 3 amperes.

The equation can be converted to read R . Let us suppose that the known
factors are 12 volts and 3 amperes-. The knowd values are again substituted in the
formula

12V

aividing we find the resistance to be 4 ohms.

Still another equation is available, E=IR. Suppose that the knolvn factors are
3 amperes of current and 4n, of resistance. After substitution-, the formula is
E = 3A X 4.n. . By multiplying in this instance, voltage is found to be 12 volts.

These three equations will enable you to find any one of these three factors (voltage,
current, or resistance) if you know the other two:. An easy way to remember the three
relationships' is to place them in a triangle as shown in figure 28.

-;, F.so I _AMPERES, 0..AcE

^.E4 AND O.N. DE

= S 'NZ CATE:.

E:v0 -TS

To _FtsrOlt JOH1451 PLACE-

......mB OVER R AND DIVIDE
AS ,NOICArE0

. 2 AMPERES

Figure 28. Ohm's Law Chart

TO =IND E (VOLTSI,PLACE

THumEi OVER_E Amp MULTIPLY
'AS moICATE0

?iace yst.: finger over the quantity you do not know, the relative positions
the other -two known factors will tell you what to dd.
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TROUBLESHOOTING ELECTRICAL CIRCUITS M.

.. _
Trouble with a refrigeration unit often involves electrical problems. The refriger-

ition specialist should be able to troubleshoot electrical circuits. We can simplify his
problem by determining if the malfunction is electrical or mechanical. Troubleshooting
can be defined as a "systematic method of locating faults in an electrical circuit."

Wiring Diagrsins
z k

: A wfting diagram of the electrical system on which you are working should be ob-
ttauied so that you will understand the type of circuits and the units involved. A picture

of the circuit will aid in troublekting and making operational checks of the units.

TYPES OF TROUBLES

Azi important fact to remember is that there are only three types of troubles; opens,
shorts, and low power.

Opens'
, I

An open circuit is one that has a break somewhere in it. This break could be located
in the wire, in the switch, fuse or in the unit of resistance. In fAct, it Would exist any-
where. Naturally if there is a break there can be no current flow; consequently, the
unit of resistance wculd not be operating, see figure 29.

.

OPEN

/

... EC -I St A

Figure 29. Open Wire
, .

There are four different testers that can be used to find an open. These are the
voltmeter, continuity tester, ohmmeter, and test light.

LOCATING OPENS. The exact location of an open can be found by using the volt-
meter. You should:first of all, understand what a voltmeter indicates in a normal
operating circuit. Figure 58 illustrates normal-voltmeter readings throughotW
circuit.

-
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Figure 30. Normal Voltmeter Readings

A vc,i=eter connected positive to negative should always indicate the difference in
. 31tage across the two points. A voltmeter connected negative to negative or positive-
to- pos_tive should not give a difference in electrical pressure, see figure 30. Readings

er than these are considered abnormal. Exact location of an open can be found in the
positive or negative parts of the circuit between a normal and an abnormal reading.

F-tire 31 illustrates a voltmeter being used to find an open in wire A-4. Note that
wire A-4 is in the positive part of the circuit.

A

A7

A A.4

sv :ad -ay

NORMAL
RE ADING

sr,

ABNORMAL
READING

, SA.

Z8V

A5 A E. 0
0000

oNs CV 1" OV OV

EC-,43111

Figure 31. .b.o.,tkating an Open in Wire A-4.

in Lre 32 a. voltmeter is being used to locate an open in the negative part of the
circuit. The exact location is wire A-6.
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ABNORMAL
,REACING

NORMAL.
READING

Figure 32. Locating an Open in Wire 1L6

The same procedure is used in trcubleshooting an open with a test light; however,
a test light will not give an indication of the amount of voltage presenti All ycu know is..
that there is enough current available to burn the light.

Opens can also be found by using an ohmmeter or a continuity meter. Power must
be off and the circuit isolated when using continuity tester. In figure 33 an ohmmeter
is being used to locate an open in wire A-6.

A.1

ABNORMAL NORMAL
READING READING

ec-Ioc

Figure.33. e(kocating an- Open with.an Ohmmeter

In figure 33 you will notice that the ohmmeter does not register continuity all the
way through the circuit; tbe ppen is found between the continuity reading (0 1). ) and

. the last infinity reading (00

26



Shorts

A short means that there is contact where there shaild not be contact; consequently
there is current flow where there should not be current flow. Indications of shorts are
units operating that should not be operating, blown fuses, and tripped circuit breakers.

Shbrt-

In the case of a direct short, a negative
lead is in contact with a positive lead, by-
passing the unit of resistance.

From figure 34. you 'can see that cur-
rent in this situation will take the path of
least.resistance. The excessive current
flow will cause the fuse to blow, or if the
protective detvice happens to be a circuit_
breaker, the c ircu it breaker will trip,
opening the circuit.

Figure 34. Direct Short

LOCATING DIRECT SHORTS. Some kind of a continuity tester, such as the ohm-
meter. continuity meter, or continuity light, Should be used in locating direct shorts.
The positive leads should be isolated and the testing device connected across the iso-
lated ieads. Notice in figure 35. an ohmmeter is being used to locdte contact between
isotated positive leads and the negative lead. Only the ohmmeter connected to A-4 lead
indicates continuity (0 -A); therefore. A-4 lead is shorted to the negative side of the
circuit providing a short cut for current flow.

Figure 35, Locating a Direct Short

Cross Shorts
-

Whereas the direct stiort is contact txtween the positive lead of a circuit and-the
hegative leaa of a circuit, the crosi short is caused-by 'the-pbsitiVe leads on independ-

.
ent circtits coining in contact witneaCh other; ,

a

'

(05

,



-During an operation check, a .cross short:is Indicated by two independent units opera-
ting from the same switch. In figure36, positive lead A-8 is touching positive lead A-3.
Even though the switch which controls L2 is open, there is a complete _path for current
flow from A-8 to A-1; consequently, L2 burns.

. A.1 A-2

A -9

A 3. A 4

A -8

Li

Figure 36. Cross Short

CC-163D

LOCATING CROSS SHORTS. The same testing devices and procedures are used in
locating cross shorts as were used in locating direct shorts. Power must be off and the
positive leads of both circuits isolated, see figure 37. .

A .8

-A-4

A 7

EC-t1PIA

, Figure 37. Probable Leads Isolated

After both`circuits are isolated, the testing device is connected across the probable
leads, such as A-3 to A-7, A-3 to A-8, A-4 to A-8, or A-4 to A-7, Note that any of
these combinations would have the same effect. In figure 38, the ohmmeter shows the
dross short to be between A-3 and A-8.

a.

28. sh



CC -,648

Figure 38. Locating a Cross Short

A shorted switch is one that fails to break contact when it is placed in the OFF
sthon. The effect of a shorted switch is that the unit operates continuously. Any

testing device can be used to determme whether the switch is defective. In figure 39,
an ohmmeter indicates that the switch is shorted.

Low Power

Figure 39, *Checking for a Snorted Switch

This c.-i-ndition ts often found in old buildings or in areas where the electrical load
been increased without increasing the size or number of electrical circuits. A low

power condition is indicated by sluggish operation of units and dim lights.

If a iowpower condition is suspected, all the electrical units on the circuit should
be :timed on., This should create maximum current flow. Voltage drops across the
units should be compared with total voltage available. Figure 40 shows a line loss
check.

lo,,,Ppower condition is discovered, the electrical lead must be reduced or a
Aew circuit installed.
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Figure 40. Voltage Drops Should Equal Total Voltage

Summary

EC-1640

Permanent and electromagnets are used in meter movements. Meters used by the
refrigeration specialist are the dc and ac voltmeters, the ammeter, and the ohmmeter.

Polarity must be observed when connecting ammeters and voltmeters in a circuit.'
Power must be off when connecting an ohmmeter in a circuit.

The multimeter can be tised as an ohmmeter, an amtheter, and a voltmeter.

Troubleshooting is a systematic means of locating malfunctions in a circuit.

The three types of troubles are: opens, shorts,- and low power.
_ _ _ .

Opens prevent the flow of current, whereas a short allOws it to flow where it is not
wanted. Low power causes sluggish operation of units..

The testing devices are the -voltmeter, continuity meter, ohmmeter, continuity
light, and test light.

Continuity devices must be used in circuits whergithe power is off a ,the circuit
isolated-. Voltmeter and test light are used in circuits where the powis 'left

References:

1. Textbook; Modern Refrigeration and Air Conditioning. ,Althouse, Turnquist, and
Bracciano.
2. Textbook; Basic Electricity/Electronics. Van Valkenburgh, NOoger, and Neville.
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ALTERNATING CURRENT

Definition of AC

Alternating current may be defined
as a current which_changes direction at
regular intervals.-

It may also be defined as a-current-
which increases in value at a definite rate
from zero to a maximum positiVe value,
and again decreasing to zero, as shown
in figure 41.

Generation of AC Figure 41. AC Voltage Ci.irve

To generate a voltage mechanically, either ac o1 dc, three things are needed:
(1) a magnetic field, (2) conductors, and (3) relative motion. Combine these three,
move the conductors or magnetic field, and a voltage will be generated..

A simple ac generator consists of a single turn coil or wire, a permanent Magnet,
two sliprings, and two brushes. Each end of the coil of wire is connected to a slipring.
The two .sliprings are owithe end of the rotor and this rotor is mounted between the poles
cf the magnet so that it is free to rotate on its
ax1-3:-: -External connections to the slip-
rings are made by means of the brushes
that are held stationary by the insulated ,

brush holder and make continuous con-
tact with the s prings, see figure 42.

Generators are-crar primary source
of ac. All mechanical generators generate
ac; however, dc generators convert ac to
de -through-the-use-of-a-commutator-and
brush assembly.

The-Sine Wave

If you make ,a graph of the voltage induced
in the conductor at various points', you will
obtaan'hitere$ting curve, shown in figure
43, ,Plot the various points in degrees along
the horizontal aXis and the heipit of the volt-
age induced along'the vertical axis. Use the
horizontal axis as reference for zero voltage.
Consider the voltage induced in one direction
as positive and that in the opposite direction
as negative:

Figure 42. Simple Generator

/
.,

Figure 43.,- /Graph of Induced, Voltage
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An Alternation

By studying the sine wave in figure 43, an Alternation might be explained as a gen-
eration of voltage from zero to maximum and baék to zero in only one direction. In
figure43..it wculd be represented between points A to E, or 180 degrees represent the
positive alternation. E to A in figure 43 represents the negative alternation.

The Cycler

In electricity, the ac cycle is represented by the following symbol"./. Again
study figure 43 for an explanation of the cycle. A to A (360,electrical degrees) repre-
sents one cycle of alternating curreq or voltage. A further exPlanation of the alter-
nation and cycle can be seen in figure 44.

The number of times each cycle occurs
in a period of time is called the frequency.
The frequency of an electric currentor volt-
age specifies the number of times a cycle
recurs in one second. The rate at which
the current cha.nges direction of flow is
twice the fre tutncy of the alternating cur-
rent. If 120 reversals of current occur
each second, the frequency of the alterna-
ting current is 120/2 or 60 cycles per
second.

Yoc-Diave-learnecl tliat-curient
from negative to positive. For dc this is
easily shown on a graph with a straight
line. Alternating current also flows from negative to positive; however, polarity of con-
ductors in an ac circuit is constantly changing. With sixty-cycle current, the polthqty
of the conductors will change 120 times.per second..

Most large ac generators are designed so that the vagnetic field (an electromagnet)
rotates causing the lines of force to move across the st*Sor coils, inducing a voltage
in the stator coils.

AMPLITUDE = 10 VOLTS

so
90°

1/4 , 1/2
SEC SEC.

-4-, ALTERNATION-01

PERIOD

CYCLE

ONE SECOND

360°

1 SEC.

Figure 44. AC Cycle and ItiComponents

Speed of commercial alternators is very closely controlled in order to keep the
freiluency cycles`per second (CPS) constant. Freqt. ,.cy of ac is standardized to 60 cps
in the United States. Many foreign countries use 50-cycle current.

For a picture explanation of generation of ac sine waves, alternation, cycle and
frequency:study figure 45.

32'i
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Phase of Current and Voltage,

When current and voltage pass through zero and reach maximum values at the same
time, current and voltage are said to be in phase, see figure 46.

EMT.

CURRENT

360'
180°

E.M.F.

CURRENT

360
270'

Figure 46. Current and Voltage in Phase Figure 47. Effect of Inductance

REACTANCE

Alternating current circuits in addition to a power source, conductors, and resistance,
may also contain components which produce reactance.

When an alternating current flaws through a coil of wire, the rise and fall of the
current flow, first in one direction, then in anbther, sets up an expanding and collapsing
magnetic field abcut the coil and induces.a voltage in it which is opposite in direction
to the applied voltage and a current flow that opposes any change in the alternating cur-
rent. This property of a coil to oppose any change in current flowing through it is
called inductance.

Tbe opposition to tlke flow of current which inductance puts in a circuit is called
inductive reactance. In a purely 'inductive circuit, the current reaches a maximum
value later than the voltage,. LAGGING the voltage, by 909, or one-quarter of a cycle.
(Degree cl lag may vary.) See figure 47.

Capacitive Reactance

Another important property.in ac cir-
cuits, besides resistance and inductance,
is capacitance. Capacitance is represented
by a capacitor: Any two conductors sepa-
rated by a nonconductOr constiinte'a capaci-
tor. In'any electrical circuit, a capacitor
serves an a-storehouse for electricity.

z

When an alternating oUrrent is im- Figure_46. Capacitor -in an ,tk.0 C,ircUit
pressed on the circUit, the'charge,on the
plates constantly changes. In fAgtire 48 the electricity !mist flow firgt from Y clockwige
-:arcitind to X, theri frOm'X'doilritirdlOkyilse arotrid to

-f
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Although no current flows thrOugh the
insulator between the plates of the capaci-
tor, it is always flowing in the remainder
of the circuit between X and Y. In a cir-
cuit, in which there is only capacitance,
current LEADS the applied Voltage as con-
trasted-with a circuit lir which-there-1s in-
ductance, causing current to lead the volt-
age. &e the effect of capacitance in fig-
ure 46.

Capacince offers resistance to any
change in voltage; The opposition caused
'oY a capacitor is -called capacitive
reactance.

47;

) .PLADirt;
v-

30°

11111HaD

Figure 49. Effect of Caetacitanee
5.
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TRANSFORMERS

When electricity first came into use, Mr. Edison held patOnttrightson the jlynamos
which were the power sources. These dc machines usually se0ed an aeaof about a
mile aad a half radius because beyond this &Stance, line loss Nils tOc xteat. Since dc
cannot be transformed, power was generated at the Bantle volt*: 110 volts) that
was used in the homes and shops. '

While de was in use, and the existing pateat rights re in ce,.-exOriments with
z..z. were being performed. It was discovered that f commercial Vurposeli, ac held
many advantages. '

--voltages c uld.be steppe1. Alternating current ,ac, cou
or stepped down by use transformer. .. r.

\.-, ...

2. Because ac couldbe transformed, smaller transmission 1
and ac could be transmitted over longer distances more ec

s coui4e used,
nomicallyt than dc.

The term "transform" means to change. An electrical transformert used V.)
change the elecerical characteristics of voltage and current. The use of 2 -ansformers
is widespread. Our everyday lives involve the use of many transformers;,most of
which are never seen by us.

Transformer Operation
4

In studying characteristics of current, you have learned that around any conductor
carrying current, there is a magnetic field, and that three things are required ti4en-
erate voltage mechanically. Thdy are: .

1. A conductor.

2. a.xtic field.
3. Movement of the conductor across the magnetic field, or movement of the

magnetic field across the conductor. I.

These -:haracteristics and principles make operation of a transformet%poSsible.

(
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A transformer consists of three main parts, see figUre 50. They are:

. Thejiary coil - the coil to which the voltage is applied.

2. The secondary coil - the coil from which the voltage is taken.

3. The core which may be iron or air serves to provide a path through which
the magnetic lines of force travel.

IRON CORE

PRIMARY
CUR R ENT
10 AMPS

MAGNE TIC FIELO
IN IRON CORE

SECON OAR
CURRENT
200 AMP.

2400V A

PRIMARY
COIL
600 TURNS

120V

TURNS IN PRIMARYRATIO= -
TURNS IN SECONDARY 30

SECONOARY

COIL
30 'TURNS

600 20
I

Figure 50. Transformer Construction

If an ac source ct votage is applied to the primary coil, a magnetic field will Wild
up and collapse with each alternation. ' The lines of force from the magnetic field ct the
primary coil move across the secondary coil ct the transformer, inducing a voltage in
this coil: ( magnetic field is moving across k conductor. ) The core provides a path
or the magn tic field to travel through and may consist of iron or air.

A direct patio between the number of turns of wire in the primary coil and turns of
wire in the se ondary coil exists. If tkere are more turns of wirein the secondary coil
voltage, willsbe increased,, or gtepped u If the secondary coil has fewer turns of wire
than the primary coil, voltage will be creased, or stepped down. To be more specific,
if a transformer has a ratio of one turn on the primary to four turns on the secondary,
secondary voltage will be four times greater than primary voltage.

The secondary coil ct,a transformer may have more than fwo electrical connections,
or "taps," so that more than one voltage may be obtained from one transformer, as
shown in figure 51. This trpagformer is referred to as a multitap tramforAkand may
be wcombination step-up and step-down transformer.

K.
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PRIMARY
COIL

Figure 51. Multitap Transformer Figure 52. Center-Tap Transformer

The center-tapped transformer is a.multitap transformer and is used to obtain two
ic1tages, as shown in figure 52. Center-tapped transformers are used to provide volt-
ages of 110 and 220 volts in our homes and businesses.

PHASING OF ELECTRICAL POWER SYSTEMS
Single-Phase Power

Frequently, we encounter the terms "single phase" and "three phase" when refer-
ring to electrical power. To the observer, single- and three-phase transmission lines
differ little. Since electricity is an abstract thing, the easiest way to explain phasing
of electrical power systems is to explain the generation otpowerb

You have noted that, as a conductor moves through a magnetic field, a voltage is
induced in that conductor. Figure 53 shows a single-conductor moving through a mag-
netic field set up by a two-pole magnet. AB the conductor rotates, the maxtmum num-
ber of lines of force are cut as the conductor passes the pole pieces d the magnet,
appioaching one from the top, t:he other from the bottom, and alternating current is.
produced. ,..

A



The output voltage, if pfotted on a
graph. _would. be _the _sine _waveform-for
see figure 54..

In this cage the conductor would have
to make one complete b4rn to produce one
complete cycle of ac. is single conductor
moving past the pan eh le pieces pro-
duce a single waveform wijich we refer to
as single-phase ac. Note that two wires
are required to transmit single-phase power.

Three-Phase Power

To generate three-phase power; three
conductors, spaced 120 electrical degrees
apart, share the same magnetic field, see
figure 55. Since the three conductors can-
not cut the maxithum number of lines of
force at the same tithe, three waveforms,
or phases are_ge_nerated./..

Figure 56 shows sine waves for three-
phase ac.

It would appear that six conductors
would be required to transmit three-phase
power, however, it has been learned that
pleases can be made to share conductors
and three conductors can efficiently conduct
three-phase power.

The primary reason for using three-
. phase power is for efficient transmission

of power and operation of electrical motors.
Three-pbase motors are simple, rugged,
and require little paintenance,

7r f.
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Figuie 56. Output of a Three-Phase
Alternator
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Three-Phase 'Transformer

Practically all power in the United States is generated as 60 cycles,three-phase
alternating current and is supplied at the point of use as single-phase or three-phase
alternating current. Voltages available at the point of use depend somewhat on the type
of transformer connection.
=-. The transformer we are concerned with is WYE connected. The wye connection is

te ns iv e 1 y used, see figure 57. and is commonly referred to as a three-phase, four-
wire system.

PHAS LEAD ( HOT WIRE)

TRANSFORMER

NEUTRAL

PHASE LEAD

PHASE LEAD HOT WIRE

SECONDARY COIL FUSE BOX

Figure 57 Four7Wire System

The neutral wire allows single-phase, 120 volts. Fiiiiii-the-ne w" e to any
phase lead, 120-volt single-phase th available. Across all three-phase
three-phase is available.

Voltmeter readings with the wye connected secondary would be:

A - B = 208 volts Neutral - A = 1,20'volts
B - C = 208 volts Neutral -,B = 120 volts
C - A =208 volts Neutral - C = 120 volts

Note that when the neutral wire is used with any combination of A, B, or C, 120
voila are available. Any combination of A-B. B-C, or A-C will provide 208 volts of,
single-phase ac power. Three-phase power is obtained using A, B. and C.
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FUNDAMENTALS OF THREE -PHASE MOTORS

Three-phase motors are simple in construction and relatively low in.initial cost.
The most common types of 30 motors are the squirrel-cage induction motord and the
wound rotor induction motor. These two types of motors vary only in the construction
of the rotor. Three-phase motors are also referred to as polyphase motors. Three-
phase motors can be broken down into three basic parts: (1) stator, (2) rotor, and
(3) endbells.

_Stator

The frame is made of cast iron or cast
steel into which is pressed a-laminated
silicon steel core. The core is laminated
to re7duce "Eddy Currents, " which is aloss
due to stray currents. This core is con-
structed with semiclosed slots which hold
the field windings. The field windings are
made up of a number of varnished insulated,
coils, which are 1200 (electrical) apart.
These coils are insulated from the core
with tteated paper called fish paper. The
coils are connected to form three separate
-,Tindings. These windings are connected
in either a wye or delta arrangement
which will be explained later in this study
guide. The field windings and the core
together make up the stator or stationary
part of the motor. Figure 58 shows the
parts of a stator.

104$1

Figure 58. Three -Phased Stator

The kind of rotor used inside of the three-phase stator determpaes,the type` of motor.
There are two types of _rotors, the squirrel-Cage rotonand_the_ wo nd_rotor.

Squirrel-Cage Rotor

The squirrel-cage rotor consists of a laminated silicon steel core, rotor bars, and
eact rings, mountedbn a shaft. In the most recent types, the' rotor bars are cast into
place on an angle called skew. The skew effect increases the torque of the motor. The
er.c1 rings short circ9t or connect the rotor bars together. When one rotor bar is ener-
gized all of them are energized. The rotor bars and end rings together make up a
squirrel-cage winding. Fan blades are added on the end of the rotor to assist in provid-
ing adequate ventilation for cooling, see figure 59.
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Figure 59. Squirrel-Cage Rotor

Wound Rotors

The wound rotor has a laminated sill-
oon steel core mounted on a shaft. A rotor
winding is wound around the core. The
rotor windings are made of coils sjmilar
to those used in a stator. Each toil is
made up of a number of turns of insulated-
copper wire. The windings are connected
like those of the stator, wye, or delta.
When the rotor is connected for wye opera-
tion one end of the windings arsconnected
together in the center and the other'end
connected to sliprings mounted on the shaft.
Brushes ride on the sliprings and are con- Figure 60. Three-Phased Wound Rotor
nected externally to resistors for variable
speed control. Whenoonnected for delta operation, the Windings are internally con-
nected into a delta configuration and three leads are conngcted to the sliprings. Wound
rotor types of three-phase motors are used where a low .starting current and high start-
ing torque isidesired without an external starting device, see figure 60.

Endbells

The endbells serire three functions: (1) house the bearings, (2) support and align
the rotor and shaft, and (3) complete the frame of the inotor.

-64
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OPEitATION

The most common types of motors used today derive their name from the type of
rotor used, operating principle, and their starting mechanism. The major type of ,

motor that you will be Working with is called the squirrel-cage induction motor. The
term squirrel cage is used because the rotor looks like the exerci wheel used'inside
a squirrel cage. The term induction.refers to the principle of o ation which will be
studied-in-this_section.

To operate an induction motor, two requirements must be met: (1) a rotating
magnetic Held must be set up in the stator and (2) a magnetic field must be present in
the rotor.

,
To explain how the magnetic fields are created, a study of the basic three-phase

motor will enable you to view the step-by-step process of starting a magnetic field to
rotate:

The stator of a three-phase motor is wound with three sets of poles (windings)
plac'ed 120 electrical degrees apart, see figure 61.

,

PHASE 1

PHASE 2

PHASE 3

Figure.61. Three-Phased Windings 120 Degrees Apart

Phase 1 is 120 electrical degrees from phase 2. Phase 2 is 120 electrical degrees
from phase 3, which is 120 electrical degrees from phase 1. When the three-phase
alternating current is applied to the windings, what appears to be rotating magnetic field
will be created, a study of the three-phase ac sine wave as current flows through the
motor and its effect is necessary.
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Figure 62 shows the stator and entering current of three-phase power. Note that
phase 1 is at maximum and phases 2 and 3 are below maximum but equal; Tbis condi-
tion will cause phase 1 and its poles to_set up a strongInagnaig field,
arid-3 adtup *baled!. niagnetic fields.-

Figure 62. Cuir:int Flow in Phase 1
Sets III) Strong Field.

Figure 63. Current Flow in Phases 1
andl. One and 3 now have
strong field.

;

Figure 63 shoWs the sine wave and current 22. 5 eldctrical degrees later. Now
phase 1 and phafie 3 ,are equal, but opposite and phase 2 is at zero. Phase 2 does not
have a magnetic field, The magnetic field is now shifted from its original position and
is now between poieS1 and 3.

),
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Figure 64 shows the relationship after the current shifts another 22. 5 electrical
degrees. The magnetic field is now-strongest,in phase, 3 andphase 1 and 2 are equal
but below maximum.

Figure 64, Current applied to phase 3 'Figure 65. Phase 2 and 3 now each have
creates a strong magnetic field there. current flow and a magnetic field.

Figure 65 shows another shift along the sine wave and finds that poles of phases 2
and 3 have set up and share a commoi. magnetic field, while phase 1 is at 0 with no -

magnetic field.

AS the current continues to alternate, the magnetic field will alternate with it.
h change that occurs in the current will create a change in the magnetic field. When
current is applied to- motor windings, it sets up, an alternating magnetie field which

:cfr.lows the changes in applied current.
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The alternating magnetic field in the stator will cut across the Capper bars in the
rotor, inducing current in them/. As the rotor current is induced, a magnetic field will
develop 4Plind_thp rods.. The,magnetic field_in_the-rotor reacts-with-the-magnea9-field
in the stator producing a torque, causing the rotor to turn. ,

'The superb stetting torque of a three-phase motor makesit ideal for application on
equipment that requires high torque such as large fans, compressors, sand large pumps.

Slip

The time lag between the speed of the rotating magnetic field (synchronous speed)
and the rotor speed is called slip. Normal slip is 2, to 5 percent of synchronous speed.
If slip torque (twisting effect of the shaft) increases. However 25 percent
slip is called al nt and the rotor stalls or lacks. This is normally caused if the
motor is overloaded. To figure the percent of slip, synchronouS speed must be figured.
The formula for synchronous speed is:

Example: RPM frequenc'y X 120
number of poles

RPM 60 X 120

RPM = 7200

RPM = 1800

The synchronous speed for a four rpole motor is 1800 RPMs. A data plate located
on.the stator will give the motor speed (shaft speed) as 1725 RPMs. ',With these two

--ligureselip-can be-determined-as-follows.

% of slip

% Of slip

% of slip

ck of slip

=

=

=

=

synchronous speed - rotor speed
synchronous speed X 100

ss - rs x 100
ss

1800 -.1725 ..A 100,
1800

,---75 X 100
1800

, slip = 4.1 percent, , .1., , .

Normally you can obtain the RPM of a motor from the data plate. However, in'
some cases, the data plate will be missing from the motor. If the motor is operational
a tachometer can be used to determine the speed of the shaft.
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Motor Connections /
#

- A three-phase motor has both internal and external conneOions. The internal con-
nections determine whether the threeNets of stator windings are connected delta or wye.
The external connections are made with leads which are brought out to the terminal box

. of the motor. These leads provide asneans of connecting the motor to a source of power.

internal Connections

The two main types of internal connections used in three-phase motors are the wye
ana the delta..

The-symbol for a wye connected.Totor is the synabolY . Figure 66 is a schematic
diagra.m of a wye connected motor for high voltage.

440V 220V

Figure 66. 440-Volt Circuit Diagram

NOTE:, The schematic diagrams shown do not illustrate the true position of the coils
in the stator.
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Figure 67. 220-V6lt Circuit Diagram

Figure 67 shows a schematic diagram of a wye connected motor for low voltage.

The symbol for a delta connected motor is the Greek letter delta A .

Figure 68 shows a schematic diagram of delta connected motor for high voltage.

DC-0404

Figure 68. 440-Volt Circuit Diagram
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Figure 69 shows a schematic diagrLn of a delta connected motor for low voltage.

Figure 89. 220-Volt Circuit Diagram

aetermine.the direction of rotation of a three-phase motor, it is normally
star:el before the load is connected. If the rotation is incorrect, you can change any
two power leads to reverse the rotation of the motor. Figures 70 and 71 show the
schematic representations.

(

Figu 440-Volt Circuit Diagram For Wye Connected Motor
49
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Figure 71. 440-Volt Circuit Diagram for Reversing Direction of Rotation

FUNDAMENTALS OF SINGLE -PHASE MOTORS

Motors may be classed according to their construction The two general
classes to be covered in this study guide are the commutator mot rs and induction
motors. Both of these classes-Or rotors havea stationary field which is energized with
alternating current.

Induction Motors
CIP

SPLIT-PHASE MOTORS. Split-phase motors are usetegiNust fractional horsepower
and are used to operate such devices as washing machine, small pumps, dryers, and
blowers.

P... '

Basically, a split-phase motor is constructed the same as a three-phase motor.
It has a stator, rotor, and two endbells. The windings are located and connected differ-
ently than they are in a three-phase motor. A centrifugal switch has been added to the
rotor and one endbell, see figure 72. A rotating part of the cen ugal switch is located
on the rotor and a stationary part (containing a set of contacJ is located in the endbell.
The purpose of this switch will be explained later in this stti,giiide.
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CENTRIFUGAL MECHANISM (ROTATING ELEMENT)

CENTRIFUGAL SWITCH (STATIONARY ELEMENT)

Figure 72. Components of Centrifugal Switch-

WINDINGS. The split-phase motor has two windings. One winding is of eavy
asulated copper wire, which is generally located at the bottom of slots in the starter
and are called "Run Windings" or "Main Windings." The other winding is called the
'Start Winding" and is generally located in the starter on top of the run winding. The
tart windilg and the run winding are connected to power until the motor reaches 75

taercent oats maximum RPM. The centrifugal switch disconnects the start winding
from the power. The run winding is made up of many turns of heavy copper wire and
:he start winding is made up of fewer turns of small wife. If the start winding is not
disconnected after a short period of time, it will burn up.

CENTRIFUGAL SWITCH. The rotating part of a centrifugal switch is a mechanical
niechanism that relies on motion and flyweights to operate, As the rotor turns the
flp.eights are pulled out by centrifugal force. This applies pressure to the plosed
contacts of the switch causing them to open. These contacts are in series with the start
winding. The opening of the contacts will deenergize the start-winding, see figure 73.

OPERATION. When a split-phase motor is started, current flows through both the
running and the starting winding. This causes a magnetic field to be formed inside the
motor. The magnetic field induces a current in the rotor windings, which, in turn,
causes a magnetic field in the rotor. The magnetic fields combine in such a manner as
co cause rotation of the rotor. The start winding is necessary at the start in order to
produce the rotating field effect. After the motor is running, the start winding is no

r.ger needed and is cut out of the circuit by means of the centrifugal switch. After the
3tart 'windings are cut out, the motor operates on a shifting magnetic field.

Capacitor Motors

Capacitor motors are made in sizes ranging from 1/20 to 10 horsepower. They, are
wiaely used to operate refrigerators, washing machines, air compressore, air condition2
ers, and fans,

A capacitor motor is constructed similarly to a split-phase motor. A capacitor has
een added to give, the motor better starting torque.
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CAPACITOR-START MOTOR.
the basic split-phase type motor.
with th-e start winding. When t
Switch cuts out the sta win
windings gives the m

capacitor-start m or is an improved version of
An int mittent type of pacitts connected in series.

reaChes 75 percent full speed, the centrifugal
s and the capacitor. The ca

rea4 starting torque than a basic split-phase motor.j
citor adde in the start

To create a st torque ill a capacitor motor, a better rotating magnetic field hair
to be established the motor. This is accomplished by placing.the starting windingid.
out of phase i7ith the running windings by more electrical degrees capacitor is uSedfo
cause the current i the start winding to reach its maximum value 04 fore the current iri
the running windin becomes maximum. Actually, the capacitor causes thfr_current in Ile
st-t winding to lead the current in the running winding. This causes a revolving maenetic
'field in the stator which induces a current in the rotor and causes it to rotate.

C ONT AC TS CliOSED

FLYWEIGHTS AT REST

CENTRIFUGAL SWITCH IN'STARTING POSITION

-*----('ONTACTS OREN

FLYWEIGHTS HAVE OVERCOhE
SPRING TENSION

CENTRIFUGAL SWITCH IN RONNINQ POSITION

th-J.1

Figure 73
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PERMANENT-SPLIT CAPACITOMOTOR. The permanent-split capacitorlconsists

of a standard split-phase type stator, a squirrel-cage rotor, a capacitor and endbells.-
This is another version of the basic split-phase motor. A.zrmanent type capacitor is
connected in series with the starting windings and lef thircuit at all times. The
starting windings in this motor are not a high resistance winding and have the same num-
ber of tur_ns and wire size as the run windings. The capacitor is used instead of resis-
tance to give the split-phase effect. This eliminates the need for a centrifugal switch in'
this motor. The capacitor is Continuously rated and is selected to give best operation at
full speed while sacrificg starting torque. The permanent-split capacitor motor has-the
operatink characteristics of poor starting torque with a high current draw, but runs with
a good torque under load, at a constant speed.

Commutator Motors

Single-phase commutator motors have a drum-wound armature, bommutator, , and
o:ushes. Thilstudy guide will cover the Simple repulsion, repulsion start-induction
run, repulsion induction, and universal

SIMPLE REPULSION MOTOR. The simple repulsion motor consists of a single con-
. ,:entric type Stator, a wound rotor, a commutator, two carbon brushes,, compensating

and endbells. The stator windings and the compensating windings are connected
_a series. The compensating windings are used to improve the power factor in this motor.
T.ru carbon brushes are employed on the commutator. The two brushes are short-
:nrcuited to each other. This motor has the operating characteristics of high starting
Lorque and low starting current draw. Although its starting torque is useful, its large
variation of speed with load is not desirable in many applications. This motor is com-
monly made in sizes from to 10 horsepower and is used to power such loads as convey-
ors. small compressors, and woodworking equipment. The simple repulsion motor is
sliown in figure 74.

REPULSION START-INDUCTION RUN MOTOR. The repulsion start-induction run
mutur consists of ,a single concentric type stator, a wound rotor, compensating windings,
a zentrifugal device, and endbells. This type offrepulsion motor uses four carbon brushes,
two art/short-circuited together, the other two brushes are connected in series with
the compensating winding. , The compensating windings in this motor,are used to improve
the power factor during the starting period. The centrifugal device used in this motor
consists of a shorting ring and a brush lifting mechanism. As the motor reaches approx-
imately 75 percent of its rated speed, the centrifugal device forces the short-circuiting
ring into contact with the inner surface of the commutator segments and converts the
motor into an induction motor. At the same time, the centrifugal mechanism raises the
orusnes. which reduces wear of the brushes and commutator. This"motor has the opera-
ting cnaracteristics of high starting torque with a low current draw and a constant running
speed under load. The repulsion start-induction run motor,shown in figure 75 is made
in sizes from 1, 4 to 10 horsepawer and is used to power such loads as compressors,
fans. pumps. stokers, and faim machinery.
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'- CARSON
&RUSH

COMPENSATING WINE:TING

Figure 74. Schematic Wiring Diagram
of a Single-Phase Repulsion Motor

IIRUSH SHORT CIRCUITING RING

RADIAt
COmmUTATOR

CENTRIFUGAt mECHANISPA

Figure 75. Repulsion-Start Induction-
Run Motor Rotor

REPULSION-INDUCTION MOTOR. ,

The repulsion-induction motor consists of
a single concentric type stator, a combina-
tion rotor, a cOmmutator,. brushes, com-
pensating windings and endbells. This type
of motor has four Carbon brushes, two .

being short-circuited together; the other
two brushes are in series with the compen-
sating windings. The compensating wind-
ings in this motor are used to improve the
power factor of the motor plid to reduce
some of the sparking at the brushes. This
motor does not have a centrifugal switch or Figure 76. Schematic Wiring Diagram
device but instead has a squirrel-cage of a Single-Phase Repulsion-Induction
winding on its rotor in addition to a wound Motor
rotor. Rotors of this type are called combination rotors. The squirrel-cage winding is
placed underneath the wound rotor section and is so constructed as to have high-inductive
reactance. At low speeds, very little current flows in the squirrel-cage windings and
the motor starts as a repulsion motor. When the niotor reaches operating speed, the
frequency of the induced rotor ciirrents is low, so Vhat current flows more in the
squirrel-cage winding and the motor operates as an induction motor. This motor has
the operating characteristics of high starting torque with a low current draw and a
constant running skeid under load. ;The major disadvantage of 'this motor is that the
brushes remain on.the commutator, causing arcing, thus increased maintenance. The
repulsion-induction motor shown in figure 76 is made in sizes up to 10 horsepower and
is used to power such loads as printing presses, textile machines, and laundry extrac-
tors. To reverse, the direction of rotation' the brushes must be shifted past the neutral
plane.

ElEtD WINDING
CARBON
BRUSH

ARMATURE
BRUSH

TE ImINAI

COMPENSATING WINDING

00- 093

Universal Motor

A universal motor is one that can operate on either single-phase alternating current
or direct current. these motors are norma:ly made in sizes ranging from 17200 to 3:4
horsepower. They are obtainable in much larger sizes for spe.!ial conditions. The
fractional horsepower sizes are used on vacuum qeaners, sewing machines, food mixers,
and power handtools. There are several types offuniversal motorp; however, the salient
pole type is more popular than the other types.
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The salient pole type consists of a
stator with two concentrated field windings,
a wound rotor, a commutator, and brushes.
The stator and rotor windings in this motor
/are connected in series with the power

1 source. Two carbon brushes are employed
in this motor and remain on the commutator
at all times. These two brushes are used
to connect the rotor windings in series with
the field windings and the power source,
see figure 77.

The universal motor does not operate at
a constant speed. The motor runs as fast
as the load permitslow speed with a
neavy load and high speed with a light load.
Uruversal motors have the highest horse-
power to weight ratio of all of the types
of electric motors.

,
L I

,

FIELD WINDING
BRUSH
TERMINAL

LINE CARBON
TERMINAL 8RUSH

L ? 41......18RUSH
TERMINAL

ASINGLEPHASE
STRAIGHT SERIES WOUND UNIVERSAL MOTOR

8

/
Figure 77. Universal Motor

SINGLE-PHASE MOTOR CONNECTIONS

Split-phase and capacitor start motors are made for either single or dual voltage
.Dperation. The single voltage, nonreversible type will have only two leads--1 and 2.
The single voltage reversible motor will have four leads numbered 1, 2, 5, and 8. A
duarvoltage nonreversible motor will have four leads numbered 1, 2, 3, and 4. The
dual voltage reversible motor leads will be numbered 1, 2, 3, 4, 5, and 8. Leads
numbered 6 and 7 age terminals of coils which are connected internally.

In order to operate a dual voltage motor on the high voltage, the running winding
must be connected in series as shown in figure 78. Leads 2, ,3, and 8 are connected and
taped, leads 1 and 5 connect together and go to power. Lead 4 goes to power, see
figure 78.

. To operate on thelower voltage, the running windings are connected in parallel.
Leads 1. 3, and 5 are connected together, then to power. Leads 2, 4, and 8 connect
together, then to ground, see figure 79.

RUNNING STARTING
WINDING 3 WINDING

Figure 78. Schematic of Single-Phase Motor Windings
Connected for High Voltage--220 Volts
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The starting winding is always connedied in parallel with the running winding,
regardless of which voltage (high or low) is connected tp the motor. The starting
winding cannot at any time have more than 120 volts across it.

,t7

RUNNING
WINDING

1
, STARTING
4 WINDING

Figure 79. Schematic of Single-Phase Motor Windings
Connected for Low Voltage-110 Volts

To reverse direction of rotation of a single-phase induction motor, the start winding
leads must be interchanged. Leads 5 and 8 are the start winding leads. High voltage
would be leads 2, 3, and 5 connected together and taped. Leads 1 and 8 are connected
together, then to power, and lead 4 connects to power. Figure 80 shows these connect
ions. The same method is used for low voltage. Leads 1, 3, and 8 connect to power :4
and 2, 4, and 5 to ground.

RUNNING STARTING
WINDING WINDING

220V

00.0s SO

Figure 80. Reversing Direction of Rotation of a Single-Phase Motor
Connected for High Voltage
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Motors chosen for a specific task must be properly rated, constructed, and protected
for their work. Such factors as size, type of voltage, enclosure, ,speed, mounting require-
ments, direction of rotation, torque, types of bearings, shaft size, and temperature must
be considered.

When selecting a motor for a specific function, one of the first things to consider i
the available power. The power supply must have, the required phases and voltage to
the size motor needed to drive the load.

Moto . o size, as either being fractional ho ower or
integral housepower. A fractional horsepo ill .8 less.than one
horsepower, while an integral horsepower'motor is raked at one horsepower or larger.
This classification is made by the National Electric Manufacturer's Association (NEMA).

Motors are also classed by construction or enclosure according to mechanical pro-
tection v.fforded or the method used for cooling.

Common types of enclosure are as follows:
r,

Open Motor - An open motor has ventilating openings in the frame
which permit the passage of cooling outside air over and around
the windings.

Splashproof - A splashproof motor is an open motor in which the
vent slots are made to prevent liquids or solids from entering
them except at indirect angles.

Totally Enclosed - This motor is built to prevent free passage
of outside air. It is not airtight; therefore, it 'cannot be used
in an explosive area.

Drip Proof - A drip-proof mOtor is an open motor in which the
ventilating openings are so constructed that drops of liquid or
solid particles falling on the machine, either directly or by
striking and running along a horizontal surface, will not enter
the motor.

Waterproof Motor - A waterproof motor is a totally enclosed
motor so constructed that it will exclude water applied in the
form of a stream from a hose.

Explosionproof - Explosionproof motors are designed to withstand
an internal explosion of the vapors or dust from the area in which
they are used and to prevent an explosion due to motor faults.

Location of installation will determine the type of enclosure of the motor. For
example, an open motor would be used where the motor is protected from the elements
oy its surroundings. Totally enclosed motors would be used where there is a need to
restrict the passage of outside air. Explosionproof motors are used where a hazardous
condition exists or might exist. According to Article 500 of the N.E.C., hazardous
locations are classed into three categories:
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Class I

Class II

Class III

- Locations containing flammable gasses or vapors.

Locations containing combustible dust.

Locations containing easily ignitable fibers or /icings.

Article 500 of the N. E.C. also breaks down hazardous conditiOns into tWo divisions,:
Division I - The hazardous condition is normally present.

Division II - The hazardous condition is not normally present but may occur.

Along with enclosures the location of the motor will also determine the temperature
of the motor. Normal temperature rise of a motor is 40°C. This rise is added to the
ambient (surrounding) temperature of the motor.

Duty of a motor is defined as the frequency in which it,is started. This is an im-
portant factor in motor selection since motor windings heat rapidly during starting.
For our purposes, we will divide motors into continuous duty and intermittent duty
categories. Along with duty comes the term service factor. Since some motors are
classed as general-purpose motors, they may have a service factor stamped on the data
plate. The normal horsepower rating is multiplied by the service factor to give the
safe overload capacity of the motor. For example, a five-horsepower motor with a
service factor of 1.15 can be used to carry a continuous load of 5.75 hp (5 X 1.15).
Normal service factor is 1.15.

The types of bearings used in a motor usually depend on their application to a load
or on its mounting plane, whether horizontal or vertical. As a general rule, sleeve
bearing otors are horizontalpounted and ball or roller bearing motors are designed
for vertical or horizontal mounting. The speed of the motor and size of the shaft are

5 determined by the equipment to be driven or the load to be applied to the motor shaft.
The connection to the shaft is made in different ways depending on the load. Keyway
and key, ey, couplings, and gears are common methods for connecting the shaft
to the lo

Accodin to the Article 430-7 in the N.E.C., motors shall be marked withicertain
information, such as the following:

1. Manufacturer's name.

2. Rated volts and full-load amps.

3. Rated frequency and number of phases.

4. Rated full-load speed.

5. Rated temperature rise.

6. Time rating

7. Rated horsepower if 1/8 or more

1 j
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Along with required information, manufacturers volunteer useful information, such as
frame number, type, design, serial number, and motorconnection, see figure 81.

Summary

HP 3 0 PH 3 CYCLES 50 60

_DLTS 208 - 220/440 RPM 1500 180%...
Irr Volt

FRAME 213 Aipos 4.7 4.3
Volt

TYPE H Amps 9.4 8.6

DESIGN B CODE J RATING 50° C 400C

208 V AMPS 9 SERIAL
3228962

Maintenance...Instructions

'

Los Angeles, Calif.

OS ELECTRICAL MOTOR INC

tO VOLTI

1.131

Made ln USA; Milford, Cain.

Fi,We 81. Motor Data Plate
OD -J92

The stator oi a three-phase motor is constructed with semiclosed slots for windings
which are connected either in a wye or in a delta fashion.

The kind of rotor used in a three-phase stator actually determines the kind of the
three-phase motor. There are two distinct types of rotors: (1) the squirrel-cage, and
(2) the wound rotor. The squirrel-cage is the simplest in construction and requires
less maintenance than the other types: therefore, it is the most popular. The three-
phase motor operates on the theory of a rotating magnetic field established in the stator.
Slip is the time difference between tlie rotating magnetic field and the rotor. Stall point
is 25 percent slip and locks the rotor stationary. To figure amount of slip synchronous

frequency X 120speed must be known. The formula for synchronous speed.is RPM - number of poles

With synchronous speed known, percent of slip is figured with the following formula:

slip = SS - TS The windings of three-phase motors are brought out from thess
stator to an external power source. The windings are connected for either wye or delta
operation, 220-volt or 440-volt power supply. To reverse the direction of rotation of a
three-phase motor, two power leads must be interchanged.

To develop skill and proficiency in the connecting, operating, and maintaining
single-phase motors, you should know as much about them as possible.
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The varioug types of single-phase motors are capacitor Start, split-phase, universal
motors, and repulsion motprs. All of these motors operate on the principle of inter-
action between magnetic fields. The major difference between single-phase motors is
usually in the method used for starting. Capacitor start mot-ors, of,course, employ the,use of a capacitor to throw the starting current out of phase with the running current.
This acts to shift the magnetic fields acting on the motor rotor to provide starting torque.
Universal motors have a wound rotor the same as a direct current motor but they are
designed to operate both on ac and dc. Split-phase motors have a separate starting
winding which serves to affect the necessary lihase Shift for starting.

To select the proper motor to do a job, many factors have to be considered. Among
these are the type of power supply, amount of horsepower required, speed, and directionof rotation.

The environment the motor must operate in will determine the-type of housing used
to protect the motor, also the position a motor is mounted in will determine what type
of bearings are needed.

The motor data plate furnishes much valuable information, such as hp, volt, amp,
and service factor.

References:
,04

1. Textbook; Modern Refrigeration and Air Conditioning. Althouse, Turnquist, and
Bracciano.
2. Textbook; Basic Electricity/Electronics. Van Valkenburgh, Nooger, and Neville..
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CAPACITORS

capacitor is sometimes called a condenser. You probably have se many capaci.-
tors or condensers in places other than on a motor, such as automobile di tributors,
radio's, and TV sets. A capacitor may be called a device to store a quantiey of electrons.

In making a capacitor, all that is necessary are two or more metallic plates separa-
ted by air or an insulating material. This insulation between the plates is termed the
-dielectric.- You couid take two sheets of metal and pface a newspaper between them
and you have made a capacitor.

Capacitors are named for,&he dielectric, material used. The two major types are
the electrolytic or start cap itor and the oil paper or run capacitor. Electrolytic
,:apacitors consist of strip of aluminum foil rolled together. The dielectric is chemically
produced to `give the ef ct of two plates and a dielectric. The running capacitor
cor.sists of two sheets of, foil separated by a heavy oil paper dielectric and rolled together.

The capacitance of a capacitor is rated in Farads. For practical purposes the farad
is too large a unit of measurement, so the term "Microfarad" or one millionth of a farad
is used ( mfd).

The features that determine how much capacitance a capacitor will have are the
area of the plates, the larger the area, the more capacitance, and the dielectric constant
f the insulation between e plates. Other things being equal the capacitance is directly

proportional to the area f the plates. If we double the plate area, we double the
capacitance.

Capacitors come in various sizes and capacities. No specialist can be expected to
have an exact replacement for each defective capacitor he may encounter. Many sub-
stitutions can be used. When making these substitutions a few rules to remember can
keep v out of trouble. They are as follows:

The voltage rating of any replacement capacitor MUST be equal to. or greater
than, the capacitor being replaced.

2. When replacing a s t capacitor. the mid must be equal to, but no greater
than,20 percent mo e than that of.the capacitor being replaced.

3. wheli replacing a r1in or ,P.S.C. capacitor, the mfd rating must vary no more
Chan - 10 percent of aie rating of the capacitor being replaced.

4 DO NOT GO BEYOND,THESE.LLMITATIONS WITHOUT EXPLICIT LNSTRUC-
TIONS FROM THE MOTOR MANUFAC'N.IRER.

it is sQmetimes necessiry when substituting capacitors to use-two or more capacitors
.J replace one capacitor. These multiple capacitors must be wired correctly or the
motor will not operate properly. Never use starting and running capacitors together.
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When wtiring capacitors in parallel the rules are simple.

1. All capacitors must have a voltage rating equal to, or greater than the replace-
ment capacitor.

2. The total mfd rating is the sum of the mfd rating of each capacitor. For
example you wanted to replace a 160 mfd capacitor rated at 440 volts and you
had five capacitors to choose from:

1. 2. 3. 4. 5.

60 mfd 100 mfd 40 mfd 120 mfd 100 mfd
220'Volts 330 Volts 440 Volts 440 Volts 440 Volts

1

Capacitors 1 and 2 would be eliminated as the voltage ratings are not equal to the
original.

1

Numbers 3, 4, and 5 meet the voltage requirement but only 3 and 4 add up to the
proper mfd rating. In this case 3 and 4 would be our substitutions.

When connecting capacitors in series the arithmetic is a little more difficult.
The rules are:

,

1. The sum of the voltages'must equal the voltage of the replacement.
t

21 Total capacitance of capacitors in series is found by the following formula.

Cl X C2C
Cl C2 mid

For example if you should need a mfd rating of 20 and you had two 40's available,
the formula would be:

40 X 40 1600
C = ,-T0-77-4-. = -TT - 20 mfd

If a capacitor-start motor fails to pperate, it may be the capacitor which is at fault. ,

To check a capacitor to determine its condition, you must first discharge it. This dis -
charging ,is accomplished by crossing (shorting) the two terminal leads together.
CAUTION: Do ric4 tou.ch the bare portion of the capacitor leads. It is advisable to alw s
discharge a capacitor with a rekstor in series with the terminals. This prevent
large surge of current that could damage the capacitor aijd injure you. After dts harging
the capacitor, remove it from the unit. Obtain an ohmmeter and set it on Rx 100 scale.
Place the test leads on the capacitor terminals. ,If the capacitor is good, the needle will
move to-an ohm reading and then move slowly back to infinity. If the meter reads zero
ohms, the capacitor is grounded or snorted and if the meter reads infirlity, the capacitor
has an open and must be replaced, see figure 82.

c
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OHMS

BAD

( SHORTED)

Figure 82.

OHMS

BAC)

' (OPEN)

A.. capac:tors should have ratings stamped or painted on them. Occasionally these
reau.ags oecome unreadable. Also on some troublesome service calls it becomes
necessary to check capacitor ratings. This check can be accomplished quickly and
simply with the following equipment:

1. Standard light cord and two alligator clips.

2. Fuse receptacle.

3. Voltmeter.

4. Ammeter.

The wiring diagram in figure 83 shows how the meters are wired into the circuit.

Figure 83.
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The capacitor is discharged and the alligator clip's attached to it, the vo1.tneter is
placed across the line and the ammet r and fuse are in one side of the line. ).

The test cord is inserted 6 voltage and theineter rea4lings quickly taken. The plug
is removed and the mfd rating is determined by the following formule.

2650 X AMPSmfd = Volts

Suppose foc...e.x.pri. ple our voltmeter indicat41 100 Volts and the ammeter indicated
10 amps, using-Our Tormulas we can determine the mfd rating of the capacitor tested.

Inv 2650 X.00
266 mfd

An important thing to remember is that the fuse is there to protect the ammeter and
you. Never bypass or eliminate it. If the ammeter scale to be used is peaked at
50 amps, the fuse must be less than this anticipated high.

Summary

The purposes of capacitors are to provide starting torque for motors, improve their
running characteristics and efficiency, and improve the power factor. Selection and
testing capacitors is an important part of your job. Knowing the rules of selection and
the procedures for testing these units will aid you in accomplishing your duties as a
refrigeration specialist.

References:

Textbook; Modern Refrigeration and Air Conditioning. Althouse, Turnquist,
and Bracciano.
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Department of Civil Engineering Training
Sheppard Air Force Base, Texas

THERMODYNAMICS, '
PRINCIPLES OF REFRIGERATION

SG 3AZR54550-2-I-3
May 1974

OBJECTIVES

This unit of study is designed to develop sound knowledge of the definition of
terms, and fundamental principles df the mechanical refrigeration cycle. It provides
the foundation upon which a thorough knowledge of refrigeration and air conditioning
is based.

ENTRODUCTION
Ya.

In order to be a prof ic ent and competent specialist, you must have knowledge of
the terms applied, and physical and chemical processes of refrigeration. It is
important that you be, me thoroughly familiar with the principle and'operation of the
refrigeration cycle,

STUDY ASSIGNMENT: rvi.derri Refrigeration and Air Conditioning, paragraphs 1-1
through 1-53.

STUDY NOTES

Paragraph 1-3.

A schematic drawing of a simple compression type refrigeration mechanism iS
shown in figure 84. Follow the flow of refrigerant, beginning with the liquid receiver,
through the liquid line, up to the refrigerant.control and into the evaporator. In the
evaporator, the pressure is reduced and the refrigerant boils at a low temperature and
absorbs heat from the surrounding space. The refrigerant is now a vapor and is drawn
down the suction line to the compressor where it is again compressed to a high temper-
ature and pressure and pushed into the condenser where it readily gives up its absorbed
heat and returns to a liquid. 11

COMPRESSOR

EVA R

ETERING
EVICE

CONDgNSER

Figure 84.
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igain referring to figure 84, we will review the above.

1. Liquid-receiver - Liquid refrigerant is stored here

. 2.. Refrigerant control - Maintains the pressure difference between the high and low
'skies of the system

3. Evaporator - The liquid refrigerant boils and absorbs heat from rrounding
space

4. Compressor 7 The vaporizêd refrigerant is drawn in the compressor and is
compressed to a high pressure and temperature and is pumped to the condenser

5. Condenser - The-high-pressure, high-temperature vapor gives up the heat that was
absorbed in the evaporator. The refrigerant returns to a liquid and flows to the
receiver ready to repeat the cycle

Par aphs 1-4, 5, and 6

. olecular motion increases with temperature. To cool a substance means to slow
own its molecular motion. Heat always flows from hot to cold. In order to transfer

heat, you must arrange the conditions so that the temperature of the substance, receiving
heat is colder than the substance releasing heat.

Heat is a form of energy. Temperature is an indication of the spud of the molecule
motion. The motion of the molecules of a substance at a high temperature is faster than
the motion of the molecules of a substance at low temperature..

The amount of heat in a substance depends upon three factors.

1. Its temperature
*7.

1 2. The amount of the substance (weight)

3. The material of the substance (specific heat)

Paragraphs 1-7, 81 9, and 10

Thermometers are used to measure temperature. There are several thermometer
scales, the most common being Fahrenheit and centigrade. Comparisu of these scales
is shown in figure 1-3 of the textbook. Note that the illustration shows Vater freezing
at "0" degrees centigrade and "32" degrees Fahrenheit and bailing at "100" degrees
centigrade and "212" degrees Fahrenheit. These are actually the same temperatures,
but on different scales.

With the development of cryogenic substances and temperatures, absolute
atures are sometimes used. The Rankine (R) is the Fahrenheit absolute scale and the
Kelvin (K) is the absolute cuntigrade sele. With these thermometers it is never neces-
sary to deal with minus temperatures. Careful study of paragraph 1-8 will help you in

understanding practical use of these scales.

The ab§olute zero on the Rankine and Kelvin scales is considered the temperature
at whiChttlere is no molecular movement..

1 9"
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Paragraphs 1-13, 14, and 15

Most substances exist in three common, states: solid, liquid, and gas. Use water
as/an example at atmospheric pressure. If frozen it is ice, a solid. TS heated to a
temperatuie of 32 degrees F or above it will be water, a liqucid. If heated above 212
degrees F it will he steam, a vapor,or gas.

A solid mamtams a certain shape.

A liquid conforms to the shape of its contaiher.

A gas or vapor must be confined in a contather or it will escape or dissipate.

Paragraphs 1-16, 1'1, 18, and 19

Pressures are a very important factor in refrigeration systems. The fact that a
substance is a solid, liquid or gas is dependent tipon both the pressure and the temper-
ature of the substance. In figure 84 the pressure in the evaporator was reduced, con-
sequently the refrigerant boiled at a low termperature.

Paragraphs 1-23, 24, 25, 26, 27, and 28

Temperature of a substance may be measured with a thermometer, however there
is no instrument that may ,be used to measure the amount of heat in any substance. The
amount of heat must be calculated. The unit of heitisdie British thermal unit (Btu).
This is the amount of heat required to raise the temperature of one pound of water one
degree Fahrenheit.

As heat is added to a substance and its temperature increases, the increase is
known as sensible heat. Sensible heat can be felt by touch and measured with a ther-

mometer. Further defined, sensible heat causes a change in temperature but not state.

The amount of heat required to change the temperature a substance one degree
Fahrenheit is termed specific heat.

Latent heat of a substance can neither be felt or measured with a thermometer.
It is the heat required to change the state with no change in temberature. Figure 1-16
shows the effects of sensible ancklaent heat with water as a stas4ard.

Paragraphs 1-29, 30, and 31

A ton of refrigeration eifect is the amount of heat required to melt one, ton of ice
per 24 hours. One pound of ice in melting will absorb 144 Btus. Dividing 288,000 by
24 equals 12,000 Btu/hr.

Paragraphs 1-34, 35, and 36 -

One horsepower is equal to 2,545.6 Btu/hr. This is equal to 146 watts of electri-
cal energy; 778 foot7pounds equal one Btu. In many refrigeration calculations, it is
necessary to convert the value of one form of energy into equal values of another form
of energy.
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_Figure 1-19 should be studied carefully. It will-show you the effect of pressure,
temperature, and latent heat of vaporization on the behavior of a liquid refrigerant
under pressures.

Pargraphs 1-37, 38, 39, 40, and 41

Heat may be transferred from one price to another by three methods conduction,
convection, and radiation. You learned that heat always flows from hot cold. It
is well to read carefully the paragraphs of heat transfer methods.

Paragraphs 1-50, 51, 52, and 53

The gai laws frequently referred to in refrig n work ar Boyle's Law,
Char le's Law, Gas Law, and Dalton's Law. Careful stu e problems agd solutions
in the above paragraphs is important to understanding these processes.

SUMMARY i

Refrigeration, the transfer ot heat from a place where it is not wanted, is almost
as old as history. The growth.of mechanical refrigeration in the past few years has
been greater than all the previous years combined.

Heat is a form of energy. It affects all substances around us, causing them to be
in one of three physical states, depending on temperature: solid, liquid, or gas. Heat
in the summertime is uncomfortable where people gather. Heat,causes food to spoil
and mRdicine to deteriorate.

Heat flows from hot to cold by three methods: conduction, convection, and radiation.
Its intensity is theasured in degrees of temperature, while its quantity is measured in
Btus.

..0.
A refrigeration system depends directly on a difference in pressure for its basic

principle of operation. Pressure affects the boiling point of a liquid refgerantand
the condensing point of a gas.

A compression refrigeration systemilas four major component par : compressor,
condenser, refrigerant control, and evaporator. The fluid circulated in ide the system
is called the refrigerant. It is this fluid that carries the heat in the refrjigeratlon cycle.

k

Ref erences:

Textbook: Modern Refrigeration and Air Conditioning. Althouse, Turnquist, and
Bracciano
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HEAT LOAD ESTIMATION

STUDY ASSIGNMENT: Modern Refrigeration and Air Conditioning, paragraphs 18-1

through 16-30

STUDY NOTES

Paragraph 16-1

The first step in figuring the size of a refrigeration machine is to calculate the
amount of heat the evaporator and condensing unit must remove. Using this informa-
tion you can make a selection from the manufacturer's literature to suit your need.

Paragraph 16-2, 3

You have previously learned that heat travels by conduction, oonvection, and
radiation, or a combination of these methods. In this unit, you will learn how these
methods affect the refrigerating load. You must understand the basic principle of
heat conduction and the various ways that have been developed to figure the amount
of heat that flows through the walls of a container.

Paragraphs 16-4, 5, 6, and 7

You should readily understand that the air that finds its way into the cabinet must
be cooled. Heat from light, motors, and product must be removed. All the sources
of heat except heat leakage are added together and are called the service or heat usage
load.

Paragraphs 1 -8, 9, and 10

The instructions for balancing the heat removing capacities of the evaporator and
condensing unit are very important. Read this material several times! From it you
can see why a system designed for use in high temperature cabinets will not work in

low temperature applications.

Paragraphs 16-13, 14,, 15, and 16

Evaporator capacity must match the condensing unit capacity. They must be
installed correctly to insure that this capacity is not decreased.

Paragraphs 16-17, 18, 19, 20, 21, 22, 23, and 24

The calculations of evaporator area instruction applies to coils designed to cool
air. You should do the arithmetic for each.

Paragraph 16-25

Forced convection evaporators use motor-driven fans or blowers. Their heat
removing capacity varies greatly. You should always consult the manufacturer's
specifications when installing or replacing a unit.
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Paragraph 16-26, 27, 28,, and 29

Because the heat transfer rate of a liquid is very high, liquid or beverage coolers
are usually very compact. The heat usage of ice cream is quite low because of the
previous freezing of ice cream.

Paragraph 16-30

If a condensing unit is too small, it will run all the time with poor refrigeration
effect. If it is too large, it will be unecononiltal and may short cycle.

SUPPLEMENTARY INFORMATION

HEAT" LOAD ESTIMATION

EquiPment Sizing

On large refrigeration installation, a great deal of complicated calculations are
necessary to determine the correct type and size of equipment. This problem is
handled by the refrigeration engineer. It is not our objective to teackyou to be engineers.
However, you do need to know enough about the piocedures and terms used to be able
to talk with the engineer concerning size, type, and application of equipinent.

The heat load and temperature range must be considered when selecting refrigera-
tion equipment. A one-ton unit cannot handle a five-ton load. Neither will a unit rated
to handle one ton at 32°F be able to handle that load at 0°F.

'CALCULATIONS. To calcigate the total heat load, we will use a walk-in box as
an example. The following heat sources must be considered:

Wall heat gain
Air content load
Product load ;

Miscellaneous (heat from lights, motors, etc)

To reduce the chance of error, each heat source should be calculated separately
and then added together to get the total heat load.

..

Load Estimate Sheet. The first step in selecting refrigeration equipment is to get
the following design information and make up a problem sheet.

Reference Tables. These tables are included in this book (pages 84 through 92).
They list ambient temperature conditions, as well as product storage information, used
in heat load estimating.

Outside Ambient Temrierature. The weather bureau has published charts giving
the design ambient temperature for most cities of the United States. A partial list of
these cities is listed in Table 1.

outside Dimensions. ese a keel tape to measure
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Insulation. Check the type and thickness of the insulation. Get the overall wall

thickness. If the wall covering is metal, then the overall thickness and 'insulation
thickness are the same. If the wall covering is wood, then subtract two inches from
the overall Wall thickness for the insulation thickness.

Product Load. The amount of product to be placed in the boX and its entering
temperature should be known. 'You must also know whether the product is to be frozen
and removed every 24 hcurs or stored for short or long times. This information is
needed to calculate the amount of heat the product will give off in 24 hours.

Miscellaneous Load. This includes electric lights, motors, and people. When
making your list of miscellaneous items make sure to get the correct horsepower of
the motors, the number of lights, their wattage and burning time, the number of people
and the length of time they spend in the, refrigerated space.

In figure 85, a load estimate form is filled in using this pioblem and the following
steps.

Sixteen hundred and fifty pounds of lettuce arrived at.Sheppard Air Force Base for
short time storage. The lettuce arrived in a refrigerated truck at 55°F. There is a
100-watt btilb that burns two hours per day. A 1/8-horsepower evaporator fan motor
runs continuously. The relative humidity is 50 percent.

Step 1. Fill in the "application" blank. The product to be stored is lettuce.

Step 2. For outside ambient temperature, go to Table 1 and look for Texas.
Select the city nearest Wichita Falls, Get the dry bulb temperature of 100°F.

Step 3. Go to Table 2. Find lettuce in the product column. Go across to get
the short storage temperature for the room temperature blank which is 45°F.

Step 4. To get temperature difference subtract the room temperature from the
outside ambient temperature.. The TD is 55°F.

Step 5. Place the room dimensions in their proper places. L 8 reerrir= 6 feet,
. .

and H = 8 feet.

Step 6. Write in the insulatiOn type, which is Fiberglas three-inches thick:

Step 7. The overall wall thickness is three inches.

Step B. Amount of Product--1650 pounds of lettuce entering at 55°F.

Step 9. Fill in the miscellaneous loads--number of people, none; total wattage
of lights, 100 burning two hours;. motor size, 118 horsepower operating 24 hours.
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Step 10. Determine the number
formula: Area = 320 square feet.

of square feet of surface area by using this

L X W = ? 8 X 6 = 48

L X H = ? 8 X 8 = 64

11 X W = ? 5 X 8 = 48

Total = ?

X 2

Total = 160

X 2
320 square feet

Step 11. Determine the number of cubic feet of inside volume by using this formula:
LXWXH= Cubic Feet. If outside dimensions are used then double the wall thickness
and subtract it from each dimension, then multiply one dimension times the Other. The
overall wall thickness is three inches. Three inches times two = six inches.

L = 8 feet - 6 inches = 7.5 feet

W= 6 feet - 6 inches - 5.5 feet

H = 8 feet - 6 inches = 7.5 feet

7.5 feet
5.5 feet

377
375
41.25

7.

20625 ,

28875
309375

The decimal is pointed out in the final number 309.375

If the first number to the right of the decimal is five or greater, then increase the
first number to the left of the decimal by one and drop the fraction. If the first number
to the right of the decimal is less than five, drop the fraction without any increase.
Volume = 309 cubic feet

Step 12. To get the wall load write in the area from step 10. Now go to Table 3.
Look in the insulation thickness column for three inches. Go across to the, teinperature
difference of 55°F from step 5 and get 132. Multiply 132 times 320 to get the total
24-hour heat load of 42240 Btu.

Step 13. Air Chan:te Load. Write in the volume from step 11. Since the room
temperature is above 32°F use Table 4B. Look under Volume Cubic Feet for the num-
ber nearest your volume number. Go to its left and get the air changes of 34.5. Use
Table 5 for Heat Removal. In Refrigerated Space Temperature column get the Box
Temperature of 45°F frem step 3, Ambient Temperature of 1000F from step 2, Relative
Humidity of 50 percent from the problem. Go across from 45°F to 100°F. Come down
the column under 50 percent to 2.47. Now multiply 309 X 34.5 X 2.47 for the total
refrigeration load of 26331 Btu for 24 hours.
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Step 14. Product Load. Enter the weight of the product. Subtract the box temper-
ature from the product's entering temperature. Get the Specific Heat from Table 2.
Multiply 1650 X 10 X .96 for the total load of 15840 Btu for 24 hours.

Step 15. Heat of Respiration Load. Write ,in the weight of the product. Get the
Heat of Respiration from Table 2 for lettuce. Multiply 1650 X 3.69 for the total load of
6089 Btu per 24 hours.

Step 16. Miscellaneous Loads. Multiply the total wattage of 100 times the burning
times of two hours times 3.42, the number of Btu one watt puts out in one hour. This
gives a total load of 684 Btu for 24 hours. To get the motor load, multiply the motor
horsepower of 1/8 times 4250, the amount of Btu a one horsepower motor will put out
in one hour (as used in the school) times 24 hours of operating itme. This gives a
total of 12750 Btu per 24 hours.

Step 17. To get the total refrigeration load add all 24 hour tails. Get 10 percent
of the total load, 10393, and add it to the total load to get 114327 Btu per 24 hours of
operation.

Step 18. Required Hourly Capacity. Since a condensing unit will operate 16 hours
out of 24 when the box temperature is above 32°F, and operate 18 hours when the box
temperature is below 32°F, then the required hourly capacity may be found by dividing
16 into 114327 for 7145 Btu hour removal.

The same steps may be used to work a heat load problem on a box with a tempera-
ture below 32°F with two exceptions.

Use the quick freeze temperature of a product when it is to be frozen and moved
out within 24 hours.

To find temperature reduction to freezing, subtract the product's freez
from its entering temperature.

To find temperature reduction below freezing subtract the quick freeze temperature
of the product from the product's freezing temperature.

The, information that has been given to you will familiarize you with the necessity
of accurately sizing and selecting the type of unit to be used. Many quick reference
charts have been deyised and are available to the serviceman, however they should not
be used as the sole ieference for sizing refrigeration equipment but rather as an aid
in determining at a glance if a unit were extremely undersized or oversized. It could
also be used as an estimate for anticipating unit costs.

Sizing Evaporators and Condensing Units. After coinpleting the load estimate form,
the next step is to select an evaporator and condensing unit for the system. The evap-
orator.is usually selected from manufacturer4s charts,, using temperature difference,
temperature rare, and hourly heat load. The condensing unit is selected from manu-
facturer's charts sing hourly.heat load and suction temperature.

,

,
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(FOR ROOMS ABOVE 37°F)

DESIGN INFORMATION
Application:
Outside Ambient Temperature: /OD °F
Room Temperature: 445- oF
Temperature Difference(TD) 65 °F

R?om Dimensions Outside Insulation
Length(L) ft Type 46.
Width (W) 6 ft
Height (H) 8 ft Thic kness e in

Overall Wall Thickness:
Product Load:

Zelia.ce
/650Pob.fr/47.6 a .55°F

Miscellaneous Loads
Number of People A/pArs
Electrical watts 00 la- Ehrs.
Other: o /or 1

Outside Room Surface Area (A)
SOLUTION

Room Dimension Inside
Front 641 Bottom 418 Length '75 ft
Back 4,41 L. End 44/3 Width .5.5' ft
Top 4/23 R. End 4/j3 Height '7 ft

Total 520 sctfY V = (Calculate on separate sheet)
V = 309.375 cu ft

I WALL LOAD
(a) Area 02.0 sq ft
(b) Wall heat gain factor /32 Btu/sq ft/24 hrs
(c) Total load

II AIR CHANGE LOAD
(a) Volume e)ci cu ft
(b) Air changes 36/,6 per 24 hrs
(c) Heat removal 2. 417 Btu/cu f t
(d) Total load

III PRODUCT LOAD

1. Temperature reduction load
(a) Weight of product
(b) TemPerature reduction
(c). Specific beat
(d) Load

2. Heat of respiration load
(a) Weight of product
(b) Heat' of respiration
(c) Load

IV MISCELLANEOUS LOADS
(a) People' ,voirre
(b) Watts /Co X e,4zz
(cS Other . /817p x 4/2.510

TOTAL REFRIGERATION LOAD

SAFETY FACTOR (10%.of total refrigeration 16ad)

TOTAL REFRIGERATION LOAD WITH SAFETY FACTOR

REQUIRED HOURLY CAPACITY //41 327 X 1/16 hrs

Figure 85. Load Estimate Fora).

/66'0 lbs
/0- oF

,96 Btu/11;°F,,
/660
3.69

lbs

Btu lb

X x
X ,ohr5,
X 21-/4'rs,

412,24/o Btu/24 hrs

24.433/J Btu/74 hrs

/6; 840 431:u/24 hrs

4089 Btu/24 firs

Btu/24 hrs
= 64941 Btu/24 hrs

/2' 750 Btu/24 hr's

'14

/03754/ Bt31/24 hrs

37.7 Btu/24 hrs

//I/34627 Btu/24 hrs
7 H,Lo- Btu/hrs

Th
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Whenever the temperature of an evaporator is lowered, its capacity will increase
because it will remove more Btu. Any increase or decrease of the temperature differ
ence between the evaporator and refrigerkted space would cause an increase or decrease
In box humidity. If the temperature difference is too large, the eviporator will remoire
too much moisture from the air causing food dehydration. If the temperature difference
is too little, it will not remome enough .moistiire, causing sliming and molding of food.
Care should be taken to properly size the evaporator to be sure of efficient operation.

The condensmg unit capaCity depends upon sudtion temperature, types of condensing
unas and temperature ranges, When the suction temperature decreases, the efficiency
of the compressor decrease6 because the amount of refrigerant available to the compres-
sor is not as much as it was when the suction temperature was high.

Select an evaporator and condensmg unit using the following procedUre. Select
'the evaporator first: Use the heat load pro lem on lettuce.

Step 1. Use Table 8 to get the box temperature for the product in the column ander
the heading, "Cooler Temperatures " Use the lowest temperature. Mixed vegetables
and fruits will be the product.

Step 2. From the same table get the Lemperature difference in the fourth column.

Step 3. Get the hourly heat loadfrom the load estimate form. In cases where this
information is not given but the 24-hour heat load is given, divide this heat load by the
cor.densingema running time. This gives the hourly heat load. This number will be
useci as a reterence number to locate the Btu rating. Write this number in the blank
provided.

Step 4.. Go to Table 9. Look under terriperature difference from step 2 and get the
Btu rating. This number is nearest tut larger than the reference number in step 1.

Step 5. The model number is found in Table 9 to the left of the Btu rating.
-

The condensing unit must now be selected. Use an air-cooled unit.

Step 1.i Get the evaporator suction temperature from Table 8.

Step 2. Use Table 10 to locate the Btu rating. Look under the healing, "Evapora-
tor Suction Temperature" and select a number that is nearest tut greater than the
reference number.

Step 3. The model number, compressor motor horsepower and refrigerant will be
located on the same chart to the left of the Btu rating,
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This contains the information from the preceding steps.

4'

Evaporators .
Condensing Units

Box temperature ' 11-5 0 r Evaporator suction te,mp 35.
Temperature difference /60, Btu rating 6 716"-Iti So
Reference' number 7/416 Model number no /,

Btu rating 862to Compressor motor hp 94-
Model number 411 /ifi Or ,sel Refrigerant used /2

Use the preceding procedure to work the following problem. Use Table 11 for thewater-cooled condensing unit.

This walk-in is utilized to store frozen meats. The total heat load is 143,000 Btuper 24 hours. Select a condensing unit that uses water as a cooling medium. IfTable 11 does not have the evaporator suction temperature as listed in Table 8, usethe next lower evaporator suction teniperature. r/ ,
Evaporator Condensing Unit

Box Temperature 5° 7/6 745°F Evaporator suction temp

Temperature difference /0°P Btu rating

Reference number 794L4 Model number ''

itu rating 3606 Compressor motor hp ,

Model number .411,13 dr- Ze) Refrigerant used /2

le-
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SUMMER TEMPERATURE

State

Alabama

Ar izona

Arkansas

Cahfornia

Colorado
Connecticut

DelaNtare

District of
Columbia

Florida

Georgia

Idaho
Illinois

City
Dry

Bulb°F

Birmingham 95
Mobile 95
Phoenix 105

'Tucson 105
Fort Smith 95
Little Rock 95
Bakersf ield 105
Fresno 105
Los Angeles 90
San Francisco 85
Denver 95
Hartford 93
New Haven 95
Dover 93
Wilmington 95
Washington 95

Jac ksonville
Key West
Miami
Tampa
Atlanta
Savannah
Boise
Chicago
Peoria
Spr ingf ie Id

Indiana Evansville
Fort Wayne
Indianapolis
Terre Haute

Iowa Des Moines
Sioux City

Kansas Dodge _C ity
Topeka
Wichita
Louisville
New Orleans
Shreveport

Maine Eastport
Portland

Maryland Baltimore
Massachusetts Boston

Springfield
Michigan Detroit

Grand Rapids
Lansing

Minnesota buluth
Minneapolis

Kentucky
Louisiana

State
Dry

City Bulb°F

Mississippi
Missouri

Montana

Nebraska

Nevada
New Hamps
New Jers

New Mexico

New York

95 North Carolina
98
91
95 North Dakota
95 Ohio
95
95 Oklahoma
95
96 Oregon
98 Pennsylvania
95
95 Rhode Island
95 South Carolina
95
95 South Dakota
95
95 Tennessee

100
100 Texas

95
95 Utah

100 Vermont
90 Virginia
90 Washington
95
92 West Virginia
93 Wisconsin
95
95
95 Wyoming
93
95

Table, 1.
77

Vicksburg
Kansas City
St Louis 95

90
Heleiiá 95

coin' 95
Omaha 95
Reno 95
Concord 90
Atlantic City 95
Newark 95
Trenton 95
Albuquerque 95
Santa Fe , 90
Albany 93
Buffalo 93
New York 95
Ashev ille 93
Charlotte 95
Raleigh 95
Bismarck 95
C inc innati 95
Cleveland 95
Oklahoma City 101
Tulsa 101
Portland 90
Erie 93
Pittsburgh 95
Providence 93
Charleston 95
Greenville 95
Huron 95
Rapid City
Knoxville 95
Memphis 45
Corpus Christi 95
Dallas 100
Salt Lake City 95
Burlington 90,
Norfolk 95
Seattle 85
Spokne 93
Charleston 95
Green Bay 95
Madison 95
Milwaukee 95
Cheyenne 95



PRODUCTION STORAGE INFORMATION

Freezing
Point

Quick
Freezing

Temp

Short
Storage

Temp

.

Latent '
Heat

Heat of
Respiration

Specific Heat
Above

Freezing
Below/

_Free'zing
---/-

Apples 28. 4 -15 38 121 0.72 0. 86 O. 45

Asparagus 29. 8 -30 40 134. 0 5. '75 0; '04 O. 48

Beans, Green .29.'7 40 1,28 3. 3'7 0. 91 0. 4'7
.

Beans, Dried 28 50 18 0. 30 24 .

Beef, Fresh 28 -15 38 '79

r..70.
0. 60 0. 35

Blackberries 28. 9 -15 42 122 0. 88 k,. 0. 46

Butter 30. 0 #15 / 40 15 0. 64 .. 0. 34

Cabbage 31. 2 -30 45 132 0. 94 0. 4'7

Carrots 29. 6 -30 40, 126 . 1. 73 0..86 0. 45
Celery 29, '7 -30 45 135 2. 2'7 0. 95 - O. 48

Cheese, American 17. 0 . +15 39 79 2. 34* O. 64 0. 36
. Cherries 26. 0 40 120 1. 32 0. 8'7 0. 45 . .

ehocolate, Coating 15-25 40 0. 3 0. 55 '

Corn, Green 28. 9 45 108 4..1 0. 80 O. 43

Cranberries i 2'7. 3 40 124 0. 90 0. 46'
Cream (40%) ' 28. 0 40 90 0. 85 0. 40.

Eggs, Fresh . 27. 0 -10 38 100 0.'76 0. 40
_ .

Fish, Iced
Fi:.,n,, Dried

30. 0 2.5 . 101
65

. 0. 76
0. 56

0.41
0. 34

,

Grapes 26. 3 35 116 O. 42 0. 88 0.44
Ham, Fresh 2'7.0 36. 87. 7 0. 68 0. 38.

Ice Cream 2'7. 0 -20 0,, 96 O. 78 0. 45

. CTh

L,einons 28. 1 55 12'7 O. 41 0. 92 O. 46

Lettuce 31. 2 45 136 3. 69 0. 96 0. 48

Lobster, Boiled- I
36 105 0. 81 O. 42

Table 2.
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WALL HEAT GAIN CHART

Insulation
Tim-tows,: Terriperature Difference in °F (Ambient minu Storage Temp)
in Inches 1 40 45 50 55 I 60 65 1 70 I 75 80 85 90 95 no,"-tes /110 115 120

,

3 2.4 96 108 120 132 144 15-6 168 180 192 204 216 228, 240 252 264 27S 288-
4 1.8 72 81 90 99 108 117 126 135 144 153 162 171 180 189 198 207 216

1.44 58 65 72 79 87 94 101 108 115 122 130 137 144 151 159 166 173
6 1.2 48 54 60 66 72 78 84 90 96 102 108 114 120 126 132 138 144

7 1.03 41 46 52 57 62 67 72 77 82 88 93 98 103 108 113 118 124
8 0.90 36 41 45 50 54 59 6.3 68 72 77 81 86 90 95 99 104 108
9 0.80 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 9 96

10 0.72 29 32 36 40 43 47 50 54 58 61 65 68 72 76 79 83 86

Table 3.

:t-
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AIR CHANGES FOR ROOMS BELOW 32°

,

24-Hour
Air Changes

Volume
Cu. Ft.

24-Hour
Air Changes

Volume
Cu. Ft.

24-Hour
Air Changes

Volume
Cu. Ft.

33. 5 200 15. 3 800 5. 6 5, 000

29. 0 250 134 5 1000 5. 0 6, 000
26. 2 300 11. 0 . 1500 4. 3 8, 000
22. 5 400 9. 3 2000 3, 8 10, 000
20. 0 500 7. 4 3000 3. 0 15, 000
18. 0 - 600 6. 3 4000 2. 6 20, 000

Table 4A.

AIR CHANGES FOR ROOMS ABOVE 32°

24-Hotir
Air Changes

Volume
Cu. Ft.

24-Hour
Air Changes ,

Volume
Cu. Ft.

24-Hour
Air Changes

,

Volume
Cu. Ft.

44. 0 200 20. 0 800 7. 2 5; 000

38. 0 250 17. 5 1000 6, 5 6, 000

34. 5 300 14. 0 1500 5. 5 8, 000

29. 5 400 12. 0 2000 4. 9 10, 000

26. 0 500 9. 5 3000 3. 9 t5, 000
23. 0 600 8. 2 4000 3. 5 20, 000

Table 4B.

141
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I lg.
HEAT REMOVED IN REFRIGERATED S4ACE

Refrig
Space

.

Ambient Temperature °F
85 90 95 100.

1-1..iE-d--f-lurnii y % 4
Temp 0F 50 60 50 60 50 SO ' 50 60

65 0.65 0.85 0.93 1.17 1.24 1.54 1.58 1.95
. 60 0.85 1.03 1.13 1.37 1.44 1.74 1.78 2.15

1..1 55 1.12 1.34 1.41 1.66 1.72 2.01 2.06 2.44
50 1.32 1.54 1,62 1.87 1.93 2.22 2.28 2.65
45 1.50 1.73 . 1.80 2.06 2.12 2.42 2.47 2.85
40 1.69 1.92 2.00 2.26 2.31 2.62 2.67 3.06
35 1.86 2.09 2.17 2.43 2.49 2.79 2.85 3.24
30 . 2,00 2.24 2.26 2.53 2.64 2.94 2.95 3.35

\
\II efrig
Space

Ambient Temperature °F
40 50 90 100

Relative Humidity %
Ter 0F 70 80 70 80 50 60 50 60

30 0.24 0.29 0.58 0.66 2.26 2.53 2.95 3.35
25 0.41 0.45 0.75 0.83 2.44 2.71 3.14 3.54
20 0.56 0.61 0.91 0.99 2.62 2.90 3.33 3.73
15 0.71 0.75 1.06 1.14 2.80 3. 07 3.51 3.92
10 0.85 0.89 1.19 1.27 2.93 3.20 - 3.64 4.04
.5 0.98 1.03 1.34 1.42 3.12 3..40 3.84 4.27
0 1.12 L 17 1.48 1.56 3.28 -(3.56 4.01 4.43

-5 1.23 1.28 1.59 1.67 3.41 3.69 4.15 4.57
-10 . 35 1.41 1.73 1.81 3.56 3.85 4. J1 4.74
-15 1\50 1.53 1.85 1.92 3.67 3.96 4.42 4.86

Table 5.
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20

BTU/HR/HP .

Motor
Motor Hp

.-
Load Inside
Refrigerator

Loss Outside
Refrigerator

1/8 to 1/2
1/2 to 3

3 to 20

4250
3'100
2950

2545
2545
2545

Table 6. Btu Given off by Electric Motors.
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EVAPORATOR SUCTION TEMPERATURE ,
, Model of ,

Compressor Refrig Hp 20o 25o 30o 40 50o

, A-1 22 2 11;000 13, 000 . 16,000 21, 000 26, 000
High A-2 12 2 15, 300 16, 000 18, 000 21, 000 25, 000
Temp A-3 22 3 22, 000 24, 000 26, 000 32, 000 39, 000
Units A-4 12 3 23, 000 26, 000 -29, 500 35, 500 41, 500

A-5 22 4 28, 000 33, 000 38, 000 48, 000 56, 000
A-6 12 4 30, 000 33, 000 36, 000 43, 000 52, 0-00
A-7 22 5 41, 000 46, 000 51, 000 62, 000 72, 000

EVAPORATOR SUCTION TEMPERATURE'

Medium
Temp
Units

.

Model of
Compressor Refrig Hp 00.

o10

,

20o 25
o

,

A-8 12 1 1/2 8, 500 10, 500 12, 500 13, 0.(j0--)

EVAPORATOR SUCTION TEMPERATURE

, Model of
Compressor Refrig Hp -30° -30° -10° 00 +100

Low
Temp A-9 12 2 5, 000 7, 000 9,4000 12, 000 16, 000
Units A-10 12 3 8, 000 11, 000 14, 000 17, 000 . 22, 000

Table 7.



Temperatures for Refrigerators and.Coolers
, c,

Product Temperature
Suction Pres
Temp.

Temp
Difference

,

Fresh Meats Cooler 340 to 38°
Cases 38° to 42°

200
200 Co 25° 12° to 15°

Frozen Meats ...5o +5o -15° to _e it o

Butter & Eggs
,

Storage Temp. 31° to 36°
Serving Temp. 50° to 600

15o

300

15o

15o to 20o

Vegetables
& Fruits 35° to 450 25° to 30° 10o

Milk Water Cooling 36° to 38°
Cooler Storage 36° to 40°

150 to 200
20°

o to 20o15 .

Ice Cream -20° -30° 5 0 to 100

Beer 36° to 45° 20° 15° to 200

Table 8.



STANDARD mirr COOLER

Btu per hour .

Model 10o TD 15o TD

1 3, 500 5, 250
2 4, 500

i
6, 750

3 6, 500 9, 750
4 8, 500 12, 750
5 10, 500 15, 750

6 12, 000 18, 000
7 18, 000 27, 000
8 24, 090 36, 000

,
9 32, 000 48, 000

WALL JET COOLER

Btu per hour

Model 10° -TD 15o TD

10 3, 500 5, 250
11 4, 500 6, 750
12 6, 500 9, 750

,

13 8, 500 12, 750
14 10, 500 15, 750
15 12, 000 18, 000

16 : 18, 000 - 27, 000
17 24, 000 30, 000

CEILING JET COOLER

Btu per hour
-

. Model , 10o TD 15° TD

18 4, 500 6, 750
19 6, 500 9, 750
20 8, 500 12, 750
21 10, 500 15, 750

, .

Table 9. Evaporator Selection Charts.
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Unit Hp Refrig

0

Suction Temperature

20° / 25° 300
4

400

--.

.

A

,

1/4 12 1, 910 2, 110
.

2,320 2,780

B 0 1/3 12 2, 250 2, 520 2,780 3, 325 '
C 1/2 12 3, 480 3, 850 4, 320 5, 400 '

D 3/4 12 5, 200 5, 960 6, 675 8,130

E 1 12 7,400 8, 200 9, i00 11, 000

Table 10. Air-Cooled Condensing Units.

Unit Hp Refrig Btu/Hr

,

Suction Temperature

-30° -20o .-10o 10o

F 1 12 Btu/Hr 3, 000 4, 300 4 5, 850 11, 650

,,.

G 1-1/2 12 Bturfir 3, 970 5,400 7, 160 9, 330

11 2 12 Btu/Hr 5, 860 8, 325 11, 190 '14, 800 19,080

1 3 12 Btu/Hr 8, 450 11, 620 15, 280 19, 780 25, 000

...

Table 11. Water-Cooled Condensing Units.
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SUMMARY

This unit of instruction has presente4 information which will develop the knowledge
and skill necessary in calculating the size of any refrigeration machine, as to the
amount of heat the eVaporator and condensing unit must remove and why the various
parts of a system must be a certain size.

The successful installation and future operation of refrigeration systems depends
on matching the capacity of the condensing unit and evaporator to the heat load. A
careful review of the material presented will prove invaluable in the future.

REFERENCES

Textbook; Modern Refrigeration and Air Conditioning. Althouse, Turnquist, and
Bracciano.

A
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REFRIGERANTS

STUDY ASkGNMENT: Modern Refrigeration and Air Conditioning, paragraphs 9-1
through 9-23.

STUDY NOTES

Paragraphs 9-1, 2

Certain properties of refrigerants are more important than others. The character-
s of an idea) refrigerant are covered in paragraph 9-1.

Refrigeration machines operate.year in and year out without constant attention
from personnel. The refrigerants4used should be outstanding in the following:

1. Nontoxic
2. Nonpoisonbus
3. Nonflammable 'or explosive
4. Low operating pressure, but not in a vacuum
5. Noncorrosive
6. Very stable
7. Low volumes per unit heat to keep machine sizes to a minimum

_

The tables on pages 320 and 1061 are very informative giving the chemical name
and formulas of popular refrigerants and the properties of each.

Paragraph 91, 4

Safety is all important in dealing with refrigerants. The National Refrigeration
Safety Code has divided the refrigerants into three groups. Group one refrigerants,
which are the safest, are used most often.

You should practice reading the curves shown on figure 9-2. They enable you to
find quickly the pressure of a refrigerant if you know the temperature. Using the
R-12 curve,

1. locate the pressure on the horizontal line or scale;

2. go Vertically,, until you come to the R-12 curve;

3. go horizontally to the left until you reach the teMperature scale:

Paragraphs 9-5 through 15

These paragraph discus arious refrigexants and give information you must
knoW to 'properly maintain an systems.

Paragraphs 9-17, 18

The refrigeration specialist should become very familiar with the R-number, the
refrigerant name, chemical formula, and boiling temperature of the most popular
refrigerants.

88,
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Paragraphs 9-19,-through 23

Men who study refrigerants often ask the following questions:

1. What should the high side pressure be?

2. What should the loW side pressure be?

3. How much refrigerant should be in a system?

Careful study of the above paragraplo_will answer these questions.'

Paragraphs 9-1'7 through 31

Never change refrigerants unless it is absolutely necessary. Each refrigerant
is different. Each machine is specifically designed for a specific refrigerant. It is
a good bet that no good will come from attempting to change or mix refrigerants.

Paragraphs 912

Always,play it safe when working with refrigerants. Wear goggles at all times
when charging or discharging systems.

SUMMARY

You already know a great deal about refrigerating machines and what a refrigerant
must do inside the machine. The Wiry of refrigerants gives an interesting picture of
the development of refrigeration. lAderstanding-the physical and chemical properties
will aid you greatly if you give serious study to this subject.

PRESSURE-ENTHALPY DIAGRAM

STUDY ASSIGNMENT: Modern Refrigeration and Air Conditi6ning, paragraphs 16-31
through 16-51.

STUDY NOTES

Paragraphs 16-31 through 38

Understanding the pressure-enthalpy diagram (pressure-heat) _will require careful
study. Two things you must remember about the P-E chart is that it is based on one
pound of refrigerant, and each refrigerant has its own chart or diagram.

Paragraphs 16-42 through 48

The diagrams show the effects of various common refrigeration troubles. Under-
standing these effects will give you a much better explanation of 'certain refrigeration
problems.

89
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Paragraphs 16-49, 50, and 51
,

The comprissor is simply a pumper of heat-laden vapor. Each cubic inch of vaporholds a number of Btu that was picked up by it in the evaporator. Mathematical for-mulas are the only way to find out how many cubic inches of vapor are pumped by thecompressor. Once you find out the inches pumped, you can.easily find how many Btuare represented.

There is always some refrigerant vapor left in the space between the top of the ,piston and the cylinder heaxl at the end of the compression stroke. This space is termedmechanical clearance/or volumetric clearance and must be as low as possible. Be care-ful when servicing so as not to make any mistakes that may result in Iow efficiencies.
SUMMARY

A thorough knowledge of the 4efrigeration cycle requires study of not only theindividual processes that make up the cycle, but the relationship between the processes.
This is simplified by the use of charts and.diagrams by which the cycle is showngraphically. Through the use of these charts and diagrams, troubleshooting of refrig-erating systems in a logical manner is possible. Careful study of the diagrams andexplanations presented are a valuable asset to the,aerious student of refrigeration.

REFERENCES

Textbook; Modern Refrigeration and Air Conditioning. Althouse, Turnquist, andBracc iano

,
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WB 3AZR54550-2-I-2-P1
3 September 1974

IDENTIFY ELECTRICAL UNITS, CONSTRUCT AND ANALYZE
CURRENT FLOW IN A CIRCUIT

OBJECTIVES:

Upon completion of this project you will be able to:

Construct an operative simple circuit using a dc power source, a protective device,,
a switch. a lamp. and an ammeter

Analyze the current flow through the simple dc circuit while observing all,appiicable safet), precauthins.

Standard of performance:

The standara of performpce of this project is 100 percent completion,
errorfree.

EQUIPMENT

WB 3AZR54550-2-I-2-P1
Pen or pencil

PROCEDURE

J1 .1"; iA.

.,

Basis of Issue
1 student
1/ student
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PART I

-

WENTJLFICJjTION OF UNITS ON THE TRAINER

,

+

+

El

A 8\ \
F

A ../Vy\iig

F

c

o

a

0

CI

IP

A Diagram of the Trainer

1. Above is a diagram of the trainer to which you have-been assigned. Under
each unit on ne diagram is a spate provided to write the name of the unit. Identify
each unit by writing ,ts nomenclature on the heavy black line.

,
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2. Beside each of the following symbols, write its name.

4.
111111

b.

k.

-G-

Name

Name

Name

Name

Name

Name

Name

Name

Name

Name

Name



1. e"\.)

m. ..'--

n. . ,..;'.

t.

.6'

>

4

-.

#

Name

Name

Name

Name

Name

Name

Name
t

Name

Name
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3. Identify the circuits below as series or parallel circuits.._

A.

B.

\

10 "

241V

It

30 A. 20 .n.

L 3

,

5

Li L2 L 3 1.4



PART II

CURRENT FLOW ANALYSIS AND CIRCUIT CONSTRUCTION

1. Before wiring any electrical circuit, a diagram of the 'circuit should be
drawn. The units to be included in the diagram are a circuit breaker, a SPST switch,
an ammeter, and a light. Draw lines on the following diagram to represent the wires
you will p4ce on the trainer.

+

AM.

.....41-

2. Have the4instructor check your diagramiN

'CAUTION: Remove all jewelry.

3. Wire the circuits on the trainer assigned to you by the instructor. Use your
diagram as a guide.

NOTE: Use the larger bulb.

4. Hal.;e the instructor check your wiring.

5. Turn the circnit brealcer and the switch to the ON position.

a. How much current is in the circuit?

b. What meter is used to measure current?

c. What is the unit of measure for current?

d. What is current ?

6. Turn the switch OFF.

7. Replace the bulb with a smaller bulb.

6

..

...........
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a 8. Turn the switch ON.

a. HoW much current is in the circuit?

b. Did current increase, decrease, or remain the same?

c. Why?

d. What determines the amount of current flow in the circuit? ,

Remove All Wires ,

9. The units to be included in the circuit are a circuit breaker, a rheostat, an
ammeter, and a light. Draw lines on the following diagram to represent the wires yor
will place on the trainer.

-i\AN-E
+ ____I---f

Ill II

10. Have the instructor check your diagram.

11: Wire the circuit on the trainer.

12. Have the instructor check your wiring.

13. Turn the circuit breaker to the ON position.

14. Turn the rheostat as far to the left as you can without turning the light off

a. How much current is in the circuit?

-

b. Does the light burn "bright" or "dim?"

15. Turn the rheostat as far to the right as possible withOut turning the light off .

Checked by
lw4 ruc tc,r,

7
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Deparitrnent of Civil Engineering Training WB 3AZR54550-2-I-2-P2 t-
Sheppard Air Force Base, Texas

MULTIMETER READING AND CIRCUIT CONSTRUCTION

OBJECTIVES:

Upon completion of this project you will be able to:

Use multimeter to measure voltage and resistance of circuits.

Construct an operative series circuit.

Construct an operative parallel circuit. OWN

Determine the unknown electrical factors for each circuit by using Ohm's Law and
the-characteristics of each type of circuit.

Standard of performance

The standard of performance of this project iB 100 percent completion,
errorfree.

EQUIPMENT

WB 3AZR54550-2-I-2-P2
Trainer, Multimeter Reading
Trainer, Multimeter
Pen or pencil

PRCCEDURE

9

Basis of Issue
1/student
1/12 students
1/12 students
1/student
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PART_ I

USING THE MULTMETER AS A DC VO/iTMETER

1. Draw, on the following meter faces, the indication needle in its proper
position. Then fill in the blanks below the meter faces to show the proper setting of
switch knob ana range jack for the meter indication given.

.I000v

0
.0.v

0
100y

0
MN

0
UN

0
41,

OHMS URO ADJUST

&XI RXIO RXIO00 0 0

0#1113

-001
4111

ACY

0
QUA

0
10011A

0
4011IA

0

Indicating 24 V dc
Switch Knob
Range Jack

.

10

Indicating 1. 5 V dc
Switch Knob
Range Jack

).



2. In the diagrams below, different range jacks are listed below each meter
face. Write what the meter would be indicating on each specific range in the blanks
provided.

b.

Range Jack Reading Range Jack Reading

1000 V Volts 400 V Volts

100,V Volts 40 V Volts

16 V Volts 4 V Volts

Range Jack

100 V

4 V

1000 V

10 V

Reading

Volts

Volts

_Volts

Volti

11

ltj3

I.

d.

Range jack

40 V

100 V

10 V

4 V

Reading

Volts

Volts

Volts

Volts



.4.44

...

3. On the trainer assigned to you by the instructor, put the trainer cord plug in a
110V ac,receptacle.

4. Set the trainer switch to DC position.

NOTE: Red light should burn.

5. Set the multimeter to measure dc voltages.

6 Make and record voltage measurements between trainer terminals indicated
below.

Trainer Terminals

1 to 2

2 to 17

3 to 6

4 to '8

4 to 17

5 to 10

6 to 12

7 to 14

10 to 13

12 to 17

14 to 16

14 to 18

15 to 17

4016 to,17

17 to 18

,

12

Voltage

1 ' r4..

It-f-1

.

.........



PART H

USING THE MULTIMETER AS AN AC VOLTMETER

,1. Draw, on the following meter faces, the indicating needle in its proper
position Then fill in the blanks below the ineter faces to show the proper setting of
switch.knob and range jack for-the meter incficatinn given.

Indicating 110V Ae
switch Knob
Range Jack

Indicating 220V. AC
Switch Knob
Range Jack

13

,t.:7--.0=- .



2. In the diagrams below, different range jacks are listed below each meter
face. Write what the meter would be indicating on each specific range in the blanks
pr ovided.

41-

a.
'

b.

Range Reading Range Reading

100 V Volts 4 V Volts

40 V Volts 100 V Volts

10 V Volts 400 V Volts

1000 V Volts 1000 V Volts

3. Set the trainer switch to AC position.

NOTE: Red light does not burn.

4. Set the multimeter to measure ac voltages.

5. Make and record voltage measuremdnts between trainer terminals indicated
below.

Trainer Terminals,

2 to'17

4 to 17
- .

1 to 2

3 to 6

5 to 1-0

6 to 12

7 to 14

IA

Voltages

4.

-

,

.,,



10 to 13

12 to 17

16

14 to.18

15 to 17

16 to 17

17 to 18

6. Unplug the trainer.

..

..

15

u

-

ty

4

.,

ILK

..



PART 111

USING THE MULTIMETER AN OHMMETER

1. Draw, on the following meter faces, e dicating needle in its proper
position Then fill in the blanks below the mete aces to show the proper setting at
switch knob and range jack for the meter indication given.

Indicating 5 Ohms

Switch Knob

Range Jack
I

16

Indicating 2000 Ohms
4

Switch Knob

\ C.Rnnge Jack

N 5-



2. Jo the diagrams below, different range jacks are listed below each meter face.
Write what the meter would be indicating on each specific range in the blanks provided

Range

R x 1

R x 10

R x 100

Reading

b.

e°

Range

R x 1

R x 10

Reading

R x 100

3. Set the trainer switch to the OHMS position.

4. Set the multimeter to measure resistance.

5 Make and record measurements between trainer termmals indicated below.

Trainei Terminals ) Resistance

1 to 3 .

1 to 5

1 to 11

2 to 10

2 to 12

3 to 13

4 to 10

5 to 11

5 to 13

k.
7 to 9

8 to 16

9 to 17

1

17

I,

,

tcptc) I



10 to 12

11 to 13

16 to 18

z

.'



PART IV

CHECKING UNITS WITH AN OHMMETER

In the diagram below, write what the meter indication ( 00 for no path I flow,
0 for path for I flow, 0+ for path for I flow with some R in it) would be if the units were
good.

a. b.

Reading

d.

Reading

e.

C.

Reading

f.

Reading Reading Reading

g.

Reading

h.

Readine

19

Reading

1 4.

If



i.

7

Reading

k. 1.

IPS
. I

Reading

20

Reading

,

I

-,z0,--i

,

/ q

i

I

? . '



CAUTIONS i

Remove jewelry.

PART V

CONSTRUCTING A SERIES CIRCUIT

...

Turn electrical power OFF before wiring circuits or removing units.

Be sure of correct multimeter setting before making measurements
r_

1. In the space below, the units to be included in the series circuit are a
circuit breaker, an SPST switch, an ammeter, and two lamps. Use lines to
represent the wires you will place on the trainer.

+ .----r"")c________,e-':_,_B

2. Have the instructor check your diagr

3. Wire the circuit on the trainer using your diagram as a guide.

4. Have the instructor check your, circuit.

a-Q-E
B-G-E)

-
NOTE: Circuit ammeter will be used to measure current. A multimeter will
be used to measure voltage drops and applied voltage. Ohm's law will be used
to determine resistance.

5. Turn the switch ON and complete the following for the circuit.

E

-I

R

LAMP 1 LAMP 2 TOTAL

21

( To



6. In the diagram below, use lines to represent how the fixed resistor would be
wired in series to your circuit.

+ 11.1"..a)11a

7. Have the instructor check your diagram.

El o El

8. Turn the switch ON and complete the following for the circuit.

EI

LAMP 1 LAMP 2 ''RESISTOR TOTAL

g

I

R

.....s.,

9. Remove the wires you placed on the trainer.
.,

10. Complete the following statements. ----,

a. A series circuit is a circuit with path for current flow.

b. The sum of the voltage droPs should equal the voltage

c. Current is the throughout a series circuit.

d. Total resistance may be found in, a series circuit by the
resistances_of all units.

e. As units of registance are added in a series circuit,. will the current flow

decrease, increabe, or remain the same ?

f. As units of resistance are added in a series circuit, will the total

resistance decrease, inciease, or remain the same?

1

22

1



11. Solve the following circuit problems.

a. Problem No, 1.

24V

4011 2011

L2

Fill in the blanks below

LAMP 1 LAMP 2 TOTAL

40 20

t:b. Problem No. .2.

24 V

301"1 2011

L3

Fill in the blanks below

LAMP 1 LAMP 2

10

LAMP 3 TOTAL

30 20

23

5 2.



C. Problem No. 3.

/53.

.2 A

23 V

JP.

Fill in the blanks below.

E

LAMP

I

d. Problem No. 4.

23V

+

RESISTOR TOTAL .

16 ,

2A '

SV

Fill in the blanks below.

LAMP 1 LAMP 2 NgzsTOR TOTAL



PART VI

CONSTRUCTING A PARALLEL CIRCUIT

CAUTIONS

Remove jewelry.

Turn power OFF before wiring circuits or Wore removing mid adding
circuit components.

Be sure of correct multimeter setting before making measurements.

I. In the space below, the units to .be included in the circuit are a circuit breaker,
an SPT Sw !itch, an ammeter to indicate total cmrent flow, and two lamps in parallel.
Use lines to represent the wires you will place on the trainer.

2. Have the instructor check your diagram.

ceG-0

3. Wire the circuit on the trainer using your diagram as a guide.

4. Have the instructor check your circuit.

NOTE: Circuit ammeter will be used t-o measure current. A multimeter will
be used to measure voltage drops and applied voltage. Ohm's laW will be used
to determine resistance.

5. Turn the switch ON and complete the following for the circuit.

LAMP 1 LAMP 2 TOTAL

25

,.* %%.f11
qd



6. In the diagram below, use lines to represent how a third light would be
wired in parallel to your circuit:

7 0

7. Have the instructor check your diagram.

8. Turn the switch ON and complete the following for the circuit.

LASelP 1 LAMP 2 LAMP 3 TOTAL

9. Remove the wires you place on the trainer.

10. Complete the following statements.

a. A parallel circuit is one with or more paths for current flow.

b. The voltage drop of a unit in a parallel circuit should be equal to the

voltage.

Of the currents from each p III ac. Total currept is the
parallel circuit.

. . 4. When additional units are added in parallel ir a circuit, will the total
.r.esistance inCrease, decrease3, or remain the saore?

(4

Mien units are.added inparallel in;a, circuit, will the total current

Or remain the same?
<; .

ncreaSe,,zdesrfaSe,

-r.,4
- ..

-
26-

er

,++



11. Solve the following problems using Ohm's law.

a. Problem No. 1.

Fill in the blanks below.

LAMP 1 LAMP 2

F.

b. Problem No. 2.

LAMP 3 TOTAL

Fill in the blanks below.

LAMP 1 LAMP 2 LAMP 3 LAMP 4 TOTAL

R.

27



eel

r

t
-

-

.
c. Problem No..3.

--r\i.---___.,\..
A

A 01102 4 V

Fill in the blanks below.

E

I

LAMP 1

-

LAMP 2 TOTAL

ts

28

,

,

J 1

L Li

,e-

r

-

-

_
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-
Department .of Civil Engineering Training
Sheppard Air Force Base, Texas

WB 3AZR4550-2-1-2-133
_

OBJECTIVEi:

CIRCUIT ANALYSIS

Upon completion of this project you will be able to:

Diagnose and locate opens and shorts in an eleCtrical. circuit.

Identify the operating characteristics of ac circuits containing capacitors and
1 nduc tors .

Standard of performance r

The standard of performance of this project is 100 percent completion,.errerfree.

EQUIPMENT

,
Basis orlssue

WB 3AZR54550-2-I-2-P3 , 1/stutient
Trainer-, DC Troubleshooting 1/2. students
Pen or pencil 1/student..

PROCEDURE.

A

f
-

If

29

s

,

2. .

4

..

r

r

i



,PART I

OPENS

1. Whe a wire is foroken in a circuit, it is known as an

2. Wh is the indication ofr an open circuit?

..rA

circuit.
.r

3. Mters that can be used to locate open circuits are:

a.

b.

C.

Using a t oltmeter to Locate Cpens

0

4. Study the diagrams below and list the location gf the opens...

NOTE: Wires are identified by code, A-1, A-2, etc.

a.

b.

A - I

0 0 0 0 0 0 0 0 0 0
28V OV OV OV OV OV OV OV OV OV

Locatiqn

4

30
Location

1 t

/57



,

\

1

C.

28V

0"

0000000000
28V 28V 28V 28V 28V 28V 28V 28V OV

Location

5. Study the diagrams below and write the correct voltmeter readings by each
voltmeter on the circuits to mdicate the location of the opens. (Use 28 volts.)

a. Location of open Is switch. /

b. Location of open is A-7 wire.

,..

_ 00 00Q
. t v

31

0.

<

..

(K'



I

c'

c. Location of open is fuse.

A A 2 A A 3 A-4 4-4 4 A-4 A 7

i° 11111,1
d. Location of open is coil.

e. Location of open is motor.

.:.1

;

1

(0 /



f. Location of open is L3..

Using thebluimieter to Locate Opens

6. Study the diagrams below and list the location of the opens.

a.

A-1 A - 2 A - 3

n

®a

A 4 A 5 A-6 A -7 A - 8

® ry.1" o rri) 0
---7

Loc ation

33



b.

C.

Shorts

A -I

Location

Location

1. When a positive wire is grounded and causes current to be returned in
shortcuts to the source of power, it is known as a short.

2. A positive-to-oositive short is called a short when

two independent circuits will operate from switch.

3. A circuit that causes a fuse to blow or a circuit breaker to trip has a trouble

called a short.

4. Meters that can be used to locate shorts are)

a.

b.

34



5. Always
an ohmmeter.

a circuit before checking the circuit with

, 6. Study the diagram below. Prom the meter indication, the trouble is

,,mmiorde

7. Study the diagram below. From the meter indications the tronble is a

short and its location is

A - I A - 2 A 3 4-4 A 5

4 - 6

8. Study the diagram below. With your`pencil, draw in a probable location of

.she short.
a

A - 9
f-

A 6 A -

A - 5

A - 6

35

p.

7
4

-;.,



9. Study the diagram below. With your pencil, draw in a probable location
of the short.

A - I A 2

A - 3

A - 4

Trainer Use

INSTRUCTIONS:

Locate and diagnose the troubles caused by each of the trouble switches listed on
the fill-in chart below.

z
Circuit Troube Analysis

NOTE: On the trainer assigned to you, be sure all the trouble switches to your
left are OFF. Operate all circuits. No troubles should exist. Now you
are ready to troubleshoot. Begin by turning trouble switch No. 1. ON.
Operate all circuits and determine the defective circuit. Fill in the blanks
below.

36

,



,

TROUBLE
SW ITC H

DEFECTIVE CIRCUIT
OR CIRCUITS . ,

(List letter of circuit, A-E)

TYPE OF
TROUBLE

4
LOCATION

I
.,

2
_

.

3

4
.

5

fr.

.

6
,

7

8

9

10

7

,

,

3 7

I. 5 i

Checked by

ao.

Instructor

i

Ke(i



PART II

INSTRUCTIONS:

Fill in the blanks below.

AC Operating Characteristics

1. A causes inductive react, in an ac circuit.

2. causes current to lag jtagj..an ac circuit.

3. Draw the symbol for a coil.

4. Using a red pencil to represent voltage, and al blue pencil to represent current,
show the relationship of current and voltage in an inductive circuit.

5. What is the letter symbol for inductive reactance?

6. What is the opposition offered by the inductor in the circuit shown called?

a. Total opposition is ohms.

b. Resistance (measured) of the coil

is ohms.

7. A causes capacitive reactance in an ac circuit.

8. causes current to lead voltage in an ac circuit.

9. Draw the symbol for a capacitor.

10. Using.a red pencil to represent voltage, and a blue pencil to represent current,
show the relationship of current and voltage in a capacitive circuit.

11. What is the leiter symbol for capacitive rea

38 1 3 j

/



a
1 '

12. What is the opposition .cifferta, by the capacitor in the cfrCuit shown, called ?
t. 4,

, 4. ,
,

a: :Total 'opposition is

Risistance (measured) of the

-heater is

13_ Wliat is the current-flow in the "A" circuit shown below.

"A" CIRCUIT

14.

ohms.

."B" CIRCUIT

14. Will the current flow in "B" circuit (above) be less than, more than or equal
to the current flow in problem 13 ?

.4,

. 39
,

0
,4 a./

I 15

/ /



15. The ammeter will indicate amps for the circuit shown below
at the left.

30 v

15n.

16. Will the current flow in the circuit on the right be more than, less than, or
equal to, the current flow in problem 15?

Checked by_

40

Instructor

/Cr,



Department of Civil Engineering Training WB 3AZR54550-2-I-2-P4
Sheppard Air Force Base, Texas

READING MOTOR DATA PLATE, MOTOR CONSTRUCTIOI4 AND WIRING

OBJECTIVES:

Upon completion of this project you will be able to:

Wire a 110-volt, single-phase circuit to a single-phase power source.

Wire a 220-volt, single-phase circuit to a single-phase power source.

Wire a 220-volt, three-phase circuit to a three-phase power source.

Identify the major components of single-phase and three-phase motors.
i

Wire single-phase and three-phase motors according to data plate requirements.

Read and correctly interpret the data on a motor data plate.

Standard of performance:

The standard of performance of this project is 100 percent completion errorfree.

EQUIPMENT

.4

Basis of Issue
WB 3AZR54550-2-I-2-P4 I/student
Trainer, Component Wiring 1/12 students
Pen or pencil I/student

PROCEDURE

-

41

1

-

a

( 70



PART I
s.

READING A MOTOR DATA PLATE

Using the data plate illustrated below, enter the information in the following
blank spaces to adequately identify motor installation and operation data.

1. Manufacturer's Name

2. Horsepower Rating

3. Temperature Rise - 50 cycles

4. RPM at full load - 50 cycles

5. Frequency

60 cycles

60 cycles

6. Number of phases

7. Voltages motor will operate on

8. Full load current on high voltage - 50 cycles

60 cycles

9. Frame Number and design/code /
-

General Electric - Induction Motor

HP 2 Ph 3 Cy 50 60

Volts 208/220/440 RPM 950 1145

Frame 184 Hi Volt Amps 3.6 - 3.1

Type K , Low Volt Amps 7:12r 6.2

Design B Code L Rating 50°C -

SF 1. SF 1.25

Motor Data Plate

4



WIRING 1 0 INDUCTION MOTORS

1. Using the data plate information and symbols available in the diagram below
connect the motor to the power supply using the across-the-line motor starter and
thermostat to control the operation of the motor.

2. Connect the motor to rotate clockwise.

3. Use red pencil to draw load circuit and blue pencil to draw the control circuit.

4. 'What size heater will be used for the motor ?
(Use chart below to select heater size)

5. How many hot leads are needed to operate the motor?

6. What size wire should be used?
Use wire size selection chart below.

7. The coil is connected in what circuit?

Heater Selection Chart

Heater
No.

F. L.
Amps

Heater
No.

F. L.
Amps

Heater
No.

F. L.
Amps

1 .2 - . 8 6 3.5 - 3.9 11 7.4 - 7.9
2 .9 - 1. 4 7 4.0 - 4.6 12 8.0 - 8.6
3 1.5 - 2. 0 8 4.7 - 5.5 13 8.7 - 9.3
4 2.1 2. 7 9 5. 6 - 6.3 14 9.4 - 9.7
5 2. 8 3. 4 10 6. 4 - 7.3 15 9. 8 - 10. 0

4

Wire Size Selection Chart

Conductor Size
AWG

Maximum Current
Capacity (for Rubber

Insulation

16 ' 6

14 15

12 20

10 25

8 35

6 50 ./

4 70

2 90
. 43

1. " u
\

l 72_
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THERMOSTAT MOTOR STARTER
o

120 V
1- - - - - -1

1-

POWER SUPPLY
20$ VOLT 30 60 CY

L L2 L
ONO ....

NATURAL
BUS

0

3

4

0 L2

.120V

0 2 0 72

1

L
-..MOTOR DATA PLATE

SINGLE PHASE ODUCTION MOTOR

CW LINE CW LINE

0 0
0 0

VOLTS 120
RPM 1725
CYCLE 60
HP 1/3
AMPS 30
CONT. DUTY

t -I

i
1

1

t

1

1

I

I

I

I

I

I

I

I

I

I

J

44 (
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/ 7 qi
WIRING 3 ,e) INDUCTION MOTOR

1. Using the information and symbols shown, connect the motor to the power
supply using the across-the-line motor starter and thermostat to control the operation
of the motor.

2. Use red pencil to draw load circuit and blue pencil to draw the control circuit.

3. What size heater will be used for the motor ?
(Use chart shown below. )

4. How many hot leads are needed to operate the motor ? \lic

5. The coil is connected in what circuit?

6. The direction of rotation can be changed by changing what terminal leads ?

Heater Selection Chart

Heater
No. ,

F. L.
Amps

Heater
No.

F. L.
Amps

Heater
No.

F. L.
Amps

1 . 2 . 8 6 3. 5 - 3. 9 11 7. 4 - 7. 9
2 . 9 1. 4 7 4. 0 - 4. 6 12 8. 0 - 8. 6

3 1. 5 - 2. 0 8 4. 7 - 5. 5 13 8. 7 9. 3

4 2. 1 - 2..7 9 5. 6 6.3 14 9. 4 - 9. 7
5 2. 8 3. 4 10 6. 4 7. 3 15 9. 8 - 10. 0

,r

45
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THTRATOTTAT
208 VOLT

C3-41)

1

POWER SUPPLY
S P$ T 208 VOLT 30 60 CY

L1 IL2 L3

MOTOR STARTER

12 T
COMM

DATA PLATE
MOTOR THREE PHASE

VOLTAGE 208 440 CYCLE 50/60.
PPM'

1425/1725
DUTY -

HP 1/4

AMPS 1.1 .55

0 0 0
WIRING

46

120V 208V

;"'".



PART ll

WIRING TO POWER SUPPLIES

INSTRUCTIONS:

Refer to the diagram and listed procedures shown below as you wire the
electrical systems.

-

CAUTION: Be sure the trainer is disconnected from the electrical power supply.
All jewelry will be removed prior to starting this project. Rubber
mats will be placed around the trainer and will be used.

)

/1

,

Cr

I 7(1



a 

b 

r--- COMM --t CLOSE ON __I, 
. TEMP RISE I 

THERMOSTAT 

M/S 

7- \ 

MASTER SWITCH 
POWER SUPPLY 
20$ V 3$ 

4 

SPS.T. 

ILI L ti. 
0 

VA 0 

m 
208V 

1 0 

MIS 
J -BOX 

ChIE-032 



1. Locate and reniove cover from 3,emotc&r starter.

2. Locate and remove cover from switchirig'clevice.

3. Install 2 wires through conduit, betWeen motor starter and switching device.

4. Strip one-fourth inch insulation from wire at motor starter and connect this
end to motor starter at power source above stationary contacts on line side.

5. Check thermostat terminals with an ohmmeter to determine what terminals
are closed on a rise in tempekature.

6. Strip one-half inch of insulation from wires at thermhtat and connect them to
the two terminals identified in step 5.

7. onnect second wire from thermostat to right terminal of holding coil on
motor s arter.

8. Check all new connections to ground with an ohmmeter to insure no grounding,
of circuits.

9. Check the control circuit of the three-phase motor starter with an ohmmeter
to insure it is complete and correct.

,10. Locate and remove cover from single-phase motor starter.

11. Remove cover and SPST switch from switch box.
o

12. Install 2 wires in conduit between 10 motor starter and SPST SW.
,..

13. Strip one-fourth insulation from wires on motor starter end and one-half inch
from SPST switch end.

14. Make connection for one wire on line side of motor starter for a power
source.

15. Connect opposite end of wire used in step 14 to top side of SPST SW.

16. Connect second wire t bottom side of SPST SW.

17. Reinstall switch and cove plate.

18. 'Connect opposite end of vire from bottom of SPST switch to right terminal of
holding cOil.

19. Check all connections with an ohmmeter tO insure no grounding of circuits.
,

20. Trace circuits with ohmmeter to insure their completion.

21. Have instructor check your work. .

.,

49
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CAUTION: Do not plug trainers into the power supply until instructed to do so by
the instructor.

22. When directed by the instructor, plug in trainer and turn on power.

23. Check all circuits by energizing control circuits for operation of motors.

24. Check power supply in main power supply box (TPST SW) with voltmeter set in
the 400V ac range. Record readings in blanks provided below:

fuses 1 to 2 fuses 2 to 3 fuses 1 to 3

25. Check power supply at line side of 30 motor starter using voltmeter on 400V
ac and record readings in blanks provided:

line 1 to 2 line 2 to 3 line11 to 3

26. Check power supply at line side of 10 motor starter using voltmeter on 400V
ac and record readings in blanks provided:

,

,line 1 to 2 Ll to N in main power box

L2 to N in main power box

27. Turn off control circuits, main power, and unplug trainer.

28. Remove all wiring from the trainei.that you have installed.

29. Replace tools to proper storage area and clean your area by placing wire in
scrap wire container, replacing rubber mat and sweeping your trainer area.

(

.

(N.

50

2

,

/



PART III

SINGLE-PHASE MOTOR CONSTRUCTION AND INTERNAL WIRING, ,

1. The illustrations below are the major parts of a single-phase motor. In the
blank space provided, write the name of the appropriate component.

A

B

C

D

E

F

4.,-,

-

Major Parts of a Single-Phase Motor
51

,
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2. Write the name of each major component where a letter appears. In the
spaces provided under each drawing, correctly identify the type of motor shown.

D0-08 SA

3. The left diagram is the schematic of a motor.
4. The right diagram is the schematic of a motor.
5. Major components of the (left) circuit are:

a.

b.

C.

d.

st

Major components of the (right) circuit are:

a.

b.

c.

d.

e.

It
52 9,, .
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6. Complete the diagram below by numbering the motor windings and drawing in
the necessary connections for 220-volt operation.

RUNNING
WINDING

/Nc
STARTING
MINDING

00.413e

Single-Phase Motor Winding
7 Complete the diagram below by numbering the motor windings and drawing in

the necessary connections for 110-volt operation.

RuNN
WiNGING

S'ARTING
wtNOING

GRO

00 -011 It

Singe-Phase Motor Winding

8. Reverse direction of rotation of this motor compared to the motor above.
Connect for low voltage.

RuNNiNG
w1NDING

$TART.NG
*INOING

GRO

Single-Phase Motor Winding
53

D.4113
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1

Three-Phase Motor Ccmstruction and Internal Wiring

1. Illustrated below is a picture of a three-phase motor. Identify these parts by
writing the name of each part in the space provided.

-

54
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2. Match the correct terms on the left with-the statements on the right by writing
the number in the space provided:.

Supports the rotor, houses the bearings
1. Rotor and completes the frame

2. Endbells Allow the rotor to turn smoothly

3. Stator Moving part of this particular motor

4. Bearing That part;of the rotor that may be a
connection point for the load

5. , Shaft Holds the field winding and core

6. Field Winding That which develops a rotating magnetic
field

7. Fan Reduces an.d eliminates heat from around
the inside of.the motor

3. Complete the schematic diagrkm below by numbering the motor windings and
drawing in the necessary connections and conductors for applying 440-volt power to the
motor for high-voltage operation..

- 440-Volt Circuit Diagram
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4. Complete the schematic diagram below by numbering the motor windings and
drawing in the necessary connections and conductors for applying 220-volt power.to the
motor for low voltage. ,

0 00.4821

220-Volt Circuit Diagram

5. Complete the schematic diagram below by numbering the motor windings and
drawing in the necessary connections and conductors for applying 440-volt power to
the motor for high voltage.

440-Volt Circuit Diagram

56

A fp/ IS C I

,

t



6. Complete the schematic diagram below by numbering the motor windings and,
drawing in the necessary connections and conductors for applying 220-volt power to the
motor for low voltage.

-MISTRST\-

220-Volt Circuit Diagram

7. Show connections for reversing the direction of rotation by numbering the
motor windings and drawing in the necessary connections for a wye connected high-
voltage system.

GRO
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Department of Civil Engineering Training WB 3AZR54550-2-I-2-P5
Sheppard Air Force Base, Texas

TROUBLESHOOTING AC CIRCUITS

OBJECTIVES:
,

Upon completion of this project you will be able to: \,

Use multimeter to troubleshoot the malfunctions of the 120-volt, single-phase
trainer.

Use multirneter to troubleshoot the malfunctions of the 220-volt, single-phase
trainer.

Use rnultimeter to troubleshoot the malfunctions of the 220-volt, three-phase
trainer.

Standard of performance

The standard of performance of this project is 100 percent completion errorfree.
=
-4 EQUIPMENT
1
-.7 Basis of Issue
Irs WB 3AZR54550-2-I-2-P5 1/student
..7
cc Trainer, AC Troubleshooting 1/12 students

Pen or pencil 1/student

PROCEDURE

59
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PART I

TROUBLESHOOTING A 120-VOLT ELECTRICAL SYSTEM

Analyzing Eledtrical Circuits Using a Diagram

The wires on the diagram below have been numbered 1 through,7. By each
numbered wire below, list the unit by letter that would be inoperative if that specific
wire were open. (Study the diagram carefully. )

iP

Wire
Number

i.,:.,

INOPERATIVE UNITS

1

2 ea_
ir

3

, .

4 C

_ 5

7
-

i)
I.

)

/15

.........
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Determining Location of Troubles by Use of Meters

1. Note that the diagram you have been studying is also the diagram of the trainer
assigned to you by the instructor.

-NOTE: Use only the top half, 120-volt part, of the trainer.

2. Be sure that all control devices are in the OFF position.

3. Be sure that the trouble switches at the right end of the trainer are in the
- OFF position.

4. Connect the trainer to the wall receptacle.

5. Turn the switch box at the end of the trainer ON.

6. Turn the 120V switchbox ON.

7. Make an operational check of all the units.

NOTE: If there is a malfunction in the trainer, report it to the instructor.

8. Obtain a multimeter to be used in locating the trouble.

9. Start your troubleshooting by turning trobble sv3itch No. 1 (on the right end
of the trainer) ON.

10. Operate all circuits to determine the defective circuit.

a. What is the type of trouble?

b. Where is it located?

c. What meter did you use to find its location?

11. Turn No. 1 OFF. Turn No. 2 ON. Operate all circuits. Proceed with your
troubleshooting. Fill in the blanks on the opposite page.

TROUBLE
SWITCH

Type of
TROUBLE

LOCATION METER
USED

2

-

3

4

5

6

12. Turn all switches OFF and disconnect trainer from wall receptacle.

2
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PART I/

TROUBLESHOOT/NG A 208-VOLT, SINGLE-PHASE ELECTRICAL SYSTEM
,

Analyzing Electrical Circuits sing a Diagram

The wires on the diagram ow have been numbered 1 through 12. By each
numbered wire in the spaces belo , list the unit or units by letter that would be
inoperative if that specific wire were open. (Study the diagram carefully.)

WERE
NO

t§'

62
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a

Determining Location of Troubles by Use of Meters
1. Note that the diagram you have been studying is also the diagram of thetrainer assigned to you by the instructor.

NOTE: Use only the 208-V, single-phase part of the trainer
2. Be sure all control devices are in the OFF position.
3. Be sure all the trouble switches at the right end of the trainers are in theOFF position.

4. Connect the trainer to the wall receptacle.

5. Turn the switch box at the end of the trainer ON.

6. Turn the 208-V, single-phase, switchbox ON.
7. Make an operational check of...11 the units.

NOTE: If there is a malfunction in the trainer, report it to the instructor.
8. Obtain a multimeter to be used in locating the troublei.

9. Start your troubleshooting by turning trole switch No. 2 (on the right endof the trainer) ON.
*-1*

10. Operate all circuits to determine the defective circuit.
a. What is the type of trouble?

4b. Where is it located?

c. What meter did you use to find its location?

2 )
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11. Turn No. 2 OFF. Turn No. 3 ON. Operate all circuits. Proceed with your
troubleshooting. Fill in the blanks below.

TROUBLE
SWITCH

TYPE OF
TROUBLE LOCATION

4 METER
USED

1

.
2

,
. N

3

,
. ,.

4

,

5

6

7
.

8 e

9

10 , ,

11 4
...

12
' 4

4 12. Turn all switches OFF and disconnect trainer from wall receptacle.

Checked by

65
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PART III

TROUBLESHOOTING A 208-VOLT, THREE-PHASE, ELECTRICAL SYSTEM

Analyzing Electrical Circuits Using a Diagram and Meters

1. ThOkvires on the diagram below have been numbered 1 through 5. Beside each
wIre number hi the spaces below, list the unit by letter that would be inoperative if that
speM wire were open.

WIRE
NUMBER

-

INOPETWE UNITS

1

2
/r---- ---,

3
,

., . .

5 c,

,

.

S.

II V

t

^ 66

2

-I
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1
1 1

1

i

1-, i T
J

1

J

1
I I

I I

I I
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2. Note that the diagram you have been studying is that of the trainer
to you by the instructor.

3. Be sure all control devices are in the OFF' position.

signed

4.- Be sure all trouble switches at the right end of the trainer are in the OFF
position.

5. Connect the trainer to the wall receptacle.

6. Turn the switchbox the end of the trainer ON.

7. Turn the 208-V sw tchbox ON. (Only the bottom half of the trainer 208-V
part, is to be used.)

8. Make an operational check of all the units. If there is a malfunction in the
trainer, report it to the instructor.

9. Obtain a multimeter to be used in locating the troubles.

10. Start your troubleshooting by turning trouble switch No. 7 (on the right end
of the trainer) ON. Operatrll circuits to determine the defective circuit.

a. What is the type of trouble?

b. Where is it located?

c. What meter did you use to find its location?

11. Turn switch No. 7 OFF. Turn switch No. 8 ON. (Verge all circuits.
Proceed with your troubleshooting. Fill in the blanks.

TROUBLE
SWITCH

TYPES OF
TROUBLE LOCATION

METER
USED

8

,

9 .

10
.

11

12 i

12. Turn all switches OFF and disconnect the trainer from the wall receptacle.

Checked by
Instructor

9
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Department of Civil Engineering Training WB 3AZR54550-2-1-3-P1
Sheppard Air Force Base, Texas

MAJOR COMPONENTS AND REFRIGERANT FLOW THROUGH A SYSTEM

OBJECTIVES:

Upon completion of this project you will be able to:

Identify the major components of a refrigeration system.

Trace the refrigerant flow through the components of the refrigeration system.

Standard of performance:

The standard of performance of this project is 100 percent completion errorfree

EQUIPMENT

WB 3AZR54550-2-1-3-P1
Pen or pencil

PROCEDURE

1. Use the schematic of the following refrigeration system to identify the
components and the functions of each.

Basis of Issue
1/student
1/student

a.

b.

g':

e.

COMPONENTS FUNCTION

2. Using colored pencils provided by the instructor, color-code the refrigerant in
. the system as follows:

a. Low-pressure liquid - dark blue

b. Low-pressure gas - light blue

c. High-pressure liquid dark red

d. High-pressure gas - light red

a

i

2 1- j
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Department of Civil Engineering Training
Sheppard Air Force Base, Texas

WB 3AZR54550-2-I-3-P2

CALCULATING HEAT LOADS AND EQUIPMENT SELE TION

OBJECTIVES

Upon completion of this project you will be able to:

Calculate the daily heat load of a wialk-in coder engicatioa.

Select the equipment required to handle the heat load.

Standard performance:

The f performance of this project is 100 percent completion, errorfree

EQUIPMENT

W3 3AZR54550-2-1-3-P2
Pen or pencil

PROCEDURE

Basis of Issue
1/student
I/student

Loz,.. Estimation Instructions. Use the load estimate form that follows to estimate the
daily heat load of a problem given by the instructor.

71
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(FOR ROOMS ABOVE 32°F)
DESIGN INFORMATION

Application:
Outside Ambient Temperature:
Room Temperature:
Temperature Difference(TD)
Overall Wall Thickness:
Product Load:

oF
oF
oF

Room Dimensions
Length(L)
Width(W)
Height(H)

Outside Insulation
ft Type
f t
ft r----Stlickness in

Miscellaneous Loads
Number of People
Electrical watts
Other:

Outside Room Surface Area (A)
SOLUTION

Room Dimension Inside
Front Bottom Length ft
Back L. End Width ft
Top R. End Height ft

Total V = (Calculate on separate sheet)

I WALL LOAD
(a) Area sq ft
(b) Wall heat gain factor Btu/sq ft/24 hrs
(c) Total load

lI AIR CHANGE LOAD
(a) Volume cu ft
(b) Air changes per 24 hrs
(c) Heat removal Boku/cu ft
(d) Total load

lII PRODUCT LOAD
1. Temperature reduction load

(a) Weight of product
(b) Temperature reduction
(c) Specific heat Btu/lb°F
(d) Load Btu/24 hrs

2. Heat of respiration load
(a) Weight of product lbs
(b) Heat of respiration Btu/lb
(c) Load Btu/24 hrs

iy MISCELLANEOUS LOADS
(a) People x x = Btu/24 hrs
(b) Watts x x = Btu/24 hrs(c) Other Btui24 hrs

V :TOTAL REFRIGERATION LOAD ' Btu./24 hrs
VI SAFETY FACTOR (10% of total refrigeration load). -Btu/24 hrs

VII TOTAL REFRIGERATION LOAD WITH SAFETY FACTOR Btu/24 hrs
VIII REQUIkED HOURLY CAPACITY = X 1/16 hrs iBtu/hrs

I-

lbs
oF

Btu/24 hrs

Btu/24 hrs

72
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Equipment Selection

Problem: This walk-in box is utilized to store milk. The total heat load is 104,996
Btu per 24 hours. Refer to the tables 'provided in the study guide.

Fill the following blanks with the necessary information to select the evaporator
and conbensing unit.

Evaporator Condensing Unit

Box temperature Evaporator suction temperature

Temperature cliff ell-er.ce Btu rating

:1;.a rating Model number

.,iodel number , Compressor motor horsepower

Refrigerant used

Problem: Eggs will be stored in this refrigerator. This total 24-hour heat load is
86,000 Btu. An air-cooled condensing unit should be used.

Evaporator Condensing Unit

'y

Box temperature Evaporator suction temperature

Temperature difference Btu rating

Btu rating Model number

Model number Compressor motor horsepower

le

Refrigerant used

r-

2 9 -....., 0
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Department of Civil Engineering Training WB 3AZR54550-2-I-3-P3
Sheppard Air Force Base, Texas

PLOTTING THE REFRIGERATION CYCLE WITH THE
PRESSURE-ENTHALPY DIAGRAM

OBJECTIVES:

Upon completion of this project you will be able to:

Plot a representation of the refrigeration cycle on a pressure-enthalpy diagram.

Standard of performance

The standard of performance of this project is 100 percent completion, errorfree.

EQUIPMENT

Basis of Issue
WB 3AZR54550-2-1-3-P3 1/student -

Pressure-Enthalpy charts 1/student
Pen or pencil 1/student

PROCEDURE 1

Instructions: Fill in the blanks below and plot a refrigeration cycle.

1. Identify the regions of the pressure-enthalpy chart below:

lelb

d

2')...,

75

a.

b.

c.

,
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2. Identify the scales and lines on the pressure-enthalpy chart below:

a.

b.

C.

d.

e.

g.

h.

4..

10

3. Plot the refrigerating cycle of a system that is operating at the following
conditions:

Low side gauge pressure - 37 psig

11*h side gauge pressure - 185 psig-,

REFRIGERANT 12

NO SUBCOOL1NG OR SUPERHEATING

.0
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Department of Civil Engineering Training WB 3AZR54550-2-I-3-P4
Sheppard Air Force Base, Texas

PLOTTING THE REFRIGERATION CYCLE AND CHECKING OPERATION AND
EFFICIENCY OF A SYSTEM USING THE PE DIAGRAM

OBJECTIVES

Upon complet.ion of this project you will be able to:

Plot the refrigeration cycle on the chart and determine the operating efficiency of
the cycle.

Standard of performance

e standard of performance of this project is 100 percent completion errorfree.

IPMENT

Basis of Issue
WB 3AZR54550-2-1-3-P4 1/student
Pressure-Enthalpy chart 1/studei-4
Pen or pencil 1/student

PROCEDURE

77
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Instructions: Plot the cycle of 'operation of each problem given below and fill inthe blanks.

1. Problem No. 1. The system is operating with a condensing pressure af 275psig anii an evaporator pressure of 70 psig. This is a 20-ton system which uses R-22as a refrigerant. Find the following:

a. Compression ratio

b. Refrigeration effect

c. Refrigeration loss/-*\

d. Heat of compression

e. Refrigerant circulated

mpression work

Coefficient of performance

h. Compressor HP (theoretical)

i. Total brake HP Of

2. ,Problem No. 2. The system is operating with a condensing pressure of 350psig andAta evaporator pressure of 75 psig, with 10 degrees superheat and 20 degreesof subcooling. This is a 25-ton system which uses R-22 as a refrigerant. Find thefollowing:

a. Compression ratio

b. Refrigerant loss

c. Refrigerant effect

d. Heat of compression

e. Refrigerant ciriulated

f. Corapression work

g. Coefficient of performance

h. Compressor HP (theoretical)

i. Total brake HP

78
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Department of CivitEngineeriug Training SG 3AZR54550-2-1I-1
Sheppa d Air Force Base, Texas

MAJOR COMPONENTS, DOMESTIC AND
COMMERCIAL REFRIGERATION SYSTEMS

sow
OBJECTIVE

This unit of instruction is designed to develop your understanding of the various
components whicii may be found in refrigeration systems. You must know this informa-
tion to service, operate, and adjust systems for proper operation.

INTRODUCTION

In previous units you have studied the fundamentals of refrigerating machines. No
attempt was made to go into detail concerning the various mechanisms, but rather to
show the fundamental principles tc serve as the foundation and background of your N,

specialty. Study this pnit carefully and if necessary refer back to previous units. Poor
knowledge, improper maintenance or servicecandefinitely damage very expensive
equipment.

COMPRESSORS

Types

There al a basically three types of compressors in use today, reciprocating, rotary,
and centrifugal. Centrifugal compressors are used widely in large applications and will
be discussed in Block III.

Rotary compressors are usually lim!ted to use in small fractional hcilsepower
application:, and are used in the domestic refrigeration field. They will be discu
later in this block of instruction.

Tlie overwhelming majority of compressors used in refrigeration applications ate
'the reciprocating type. This ur.it of instruction will cover only reciprocating com-
pressors.

- The purpose of the compressor in a system is twofold, first it removes the refrig-
erant vapor from the evaporator and reduces the pressure in the evaporator to a point
where the desired evaporating temperature can be maintained. Second, the compressor
raises the pressure a tbe refrigerant vapor to a level high enough so that the saturation
temperature is higher than the temperature of the cooling medium available for condens-
ing the refrigerant vapor.

Referring to figure 1. you will note the' design of the reciprocating compressor is
similar to a modern automobile engine, with a piston driven by a crankshaft making
alternate suction and compression strokes in a cylinder equipped with suctioa and
discharge valves. The reciprocating compressor is a positive displacement pump with
many advantages which follow.

1
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suitable for small cement volumes.

2. IC is quite efficient at high condensing pressures.

3. It is quite efficient at h44 compression ratios.

4. It is adaptable to a number of different refrigerants.

5. Liquid refrigerant may easily be run through connecting piping because of the
high pressure created by the compressor.

6. It is durable, has simplicity of design and relative low cost.

Operation,

Again referring to figure 1, a cross sectional view of the reciprocating comp
is shown. As the piston moves downward on the suction stroke, tht: pressure
in the cylinder. When this pressure falls below the pressure in the suLt,n Ii
pressure differential causes the suction valves to open and forces the refrig,
into the cylinder. As the piston reaches the bottom of its stroke and starts.up on
the compression stroke, pressure is developed in the cylinder forcing the suction valve
closed. The pressta e in the cylinder continues to rise as the piston moves upward,
compressing the yapor trapped in the-cylinder. When this pressure exceeds the p-ressuee
existing in the compressor discharge line/The discharge valves are forced open, and.the
compressed'gas flow into the discharge line and on to the condenser. When the piston
starts downward, the pressuA reduction allows the discharge valve lo close because of
the higher pressure in the condenser and discharge line, and the cycle is repeated.

PISTON ON PISTON ON
DOWNSTROKE IJPSTROK E

Figure 1.

For .every recrolution of the crankshaft, there iS both a suction and comp
1(
esion '

stroke of each piston. For example; in a 1, 750 rpm motor compressor, there are
1, 750 complete suction and compression cycles in each cylinder each minute. For a
3, 5000 rpm motor compressor, 3, 500 complete cycles occur each minute.



Piston Displacement

The refrigerant boiling in the evaporator has a definite 'volume. The volume of the
cylinder of the reciprocating compressor must be large enough to remove the refriger-
ant boiling off in the evaporator. If the volume is too small, vapor will remain in the
evaporator and increase the evaporator pressure. As a direct result of the increased
pressure in the evaporator, the boiling point of tfie refrigerant will rise. The piston of
a cylinder, which has a volume of one cubic foot, would have to make 100 upward strokes
a minute to compress 100 cu ft of vapor per minute. This volume swept by the piston
during a certain time period is known as the piston displacement.

To determine the displacement of a single-acting compressor the following formula

is used.

D2 xLxNxRPM
Q t2

Q = Displacement in CFM
D = Cylinder bore in inches
L = Length of stroke in inches.
N = Number of cylinders
RPM = Revolutions per minute

The theoretical capacity of a compressor can be figured by dividing its piston dis-

placement by the volume of refrigerant to be circulated per ton of refrigerant. Earlier,

using the pressure-enthalpy chart you figured the pounds of refrigerant circulated per

ton. The volume of refrigerant circulated is found by dividing the pounds circulated by

the density cl the vapor being circulated. Density may be found in tables on the proper-

ties of refrigerant in conimercial manuals or by using figure 2.

Volumetric Efficiency

In the preceding paragraphs it was assumed that the cylinder would fill completely

with refrigerant vapor at the same pressure and temperature at which it left the evap-

orator. This does not hold true in the actual operation of reciprocating cOinpressors.

The voluile and weight of the refrigerant that flows into a cylinder is always less than

the theordtical capacity. This is so for several reasons, the first being the cylinder

walls are warmer than the gas leaving the evaporator,. This raises the temperature of

the gas coming into the cylinder causing it to expand and prevent additional cold vapor

from entering. A second reason is that the pressure in the cylinder is lower than the

suction line and evaporator due to the downstroke of the piston. The vapor in the cylin-

der expands on entering the cylinder. Therefore, there is a smaller weight of refrig-

erant in each. cubic foot of cylinder space. Another reason is the clearance space be-

tween the cylinder head and the top of the piston. In this clearance space a small

amount of high-pressure vapor remains after the piston reaches the top of its stroke.

This vapor reexpands on the downstroke of the piston taking up space in the cylinder.

This decreases the weight of vapor that can flow into the cylinder.

The factors mentioned above determine the volumetric efficiency of a compressor.

The volumetric efficiency may be defined as the ratio of the actual weight of refriger-

ant in a cylinder to the weight that the cylinder can theoretically hold.

3
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Temp
Pressure Density

PS1A PSIG Lich Vapor
-40 9.3 11.0' 94.67 0.26
-38 9.8 9.1" 94.45 0.27
-36 10.3 8.9" 94.28 0.2844 10.9 7.86 91.08 0.30
-32 11.4 6.7" 93.87 0.31
-30 12.0 5.5" 93.70 0:33
-28 12.6 4.3' 93.50 0.34
-26 13.2 3.0' 93.30 0.36
-24 13.9 1.6" 93.10 0.38
-22 14.6 0.3" 92.90 0.39
-20 15.3 0.6 92.70 0.41
-18 16.0 1.3 92.50 0.43
-16 16.8 2.1 92.30 0.45
-14 17.5 2.8 92.10 0.47
-12 18.3 3.7 91.89 0.49
-10 19.2 4.5 91.69 0.51
- 8 20.1, 5.4 91.49 0.53
- 6 21.0 6.3 91.28 0.55
- 4 21.9 7.2 91.07 0.57
- 2 22.9 8.2 90.87 0.60

0 23.8 9.2 SO. 66 0.62
2 24.9 10.2 90.45 0.65
4 25.9 11.2 90.24 0.67
6 27.0 12.3 90.03 0.70
8 28.2 , 13.5 89.82 0.73

10 29.3 14.6 89.61 0.76
12 30.5 15.8 89.39 0.78
14 31.8 17.1 89.18 0.81
16 33.1 18.4 88.96 0.85
18 34.4 19.7 88.75 0.88
20 35.7 21.0 88.53 0.91
22 31.1 2.2.4 88.31
24- 38.6 23.9 88.09 0.98
26 40.1 25.4 87.87 1.01
28 41.6 26.9 87.65 1.05
30 43.1 28.5 87.43 1.09
32 44.8 30.1 87.20 1.13
34 46.4 31.7 86.98 1.17
36 48.1 33.4 86.75 1.21
38 49.9 35.2 86.52 1.425
40 51.7 37.0 86.30 1.29
42 53.5 38.8 86.07 1.34
44 55.4 40.7 85.84 1.38
46 57.4 42.7 85.60 1443
48 59.3 44.7 85.37 1.48

Compression Ratio

The volumetric efficiency of a compressor is not a constant quality. It depends onwhat is known as the compression ratio. This is the ratio between the head and suction

Temp Pressure.. _ Density
PSIA PSIG Lin. VIcpor

50 61.4 46.7 85.14 1.53
52 ,.63.5 49.8 84.90 , 1.58
54 65.7 51.0 84.66 1.6:
56 67 9 53.2 84.43 1.68
58 70,1 55,4 84,19 1.74
60 72.4 57.7 83.94 1,79
62 74.8 60.1 83.70 1.85
64 77.2 62.5 83.46 1.91
66 79.7 65.'0 83.21 1.97
68 82.3 67.6 82.97 2.03
70 84.9 70.2 82.72 2.09
72 87.6 72,9 82.47 2.16
74 90.3 75.6 82.22 2.22
76 93.1 78.4 81.96 2.29
78 96.0 81.3 81.71 2.36-
80 98.9 84.2 81.46. 2.43
82 101.9 87.2 81.19 1 2.50
84 .\104.9 90.2 80.93 2.58
86 108.8 93.3 80.67 2.66
88 111.2 96.5 80.41 2.73
90 114.5 99.8 80.14 2.81
92 117.8 103.1 79.87 2.90
94 121.2 106.5 79.61 2.98
96 124.17 110.0 79.33 3.07
98 128.? 113.5 79.06 3.16

100 131. p 117.2 78.79 3.25
120.9 78.51 3.34

1 .3 124.6 78.23 3.44
10 143.2 128.5 77.15 3.53
108 147.1 132.4 77.66 3.63
110 151.1 136.4. 77.38 3.74
112 155.2 140;5- 77.09 3.84
114 159.4 144.7 76.80 3.95
116 163.6 .148.9 76.50 4.06
118 167.9 153.2 76,21 4.17
120 172.4 157.7 75.91. 4.29
122 176.9 162.2 75.60 4.41
124 181.4 166.7 75.30 4.53
126 186.1 171.4 74.99 4.65
128 190.9 176.2. 74.68 4.78
130 195.7 181.0 74,37 4,91

Figure 2.

Inches of Mercury

pressure, or .

Head Pressure (psia)Compression Ratio =
Suction pressure (Rsia)

As discussed in the preceding section the clearance spac of a cylinder is lefl fullof high-presswe gas at the-end of the compression strbke. The higher the dischargepressure, the greater the density and pressure of this gas and the greater the volume
it occupies on reexpanSion. For this reason the capacity of the compressor decreases
as the compression ratio increases.
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Compressor Capacity Control

Loads on refrigeration and air-conditioning systems vary from full to a small
percentage of full load. Some means must be used to control the capacity of the compres-

sor to correspond to the load on the evaporator. If for example the load on an air-con'-

ditioning system,falls low enough, the suction temperature may fall well below 32°F
before a balance point between the compressor and evaporator load is reached. In this

ease the final temperature of the air crossing the evaporator will be undesirably low,

causing the moisture condensing on the evaporator to freeze. This will of course
aggravate the condition by restricting airflow and forcing the suction temperature even

lower. It is for this reason some method must be used to regulate the compressor
capacity. In the following paragraphs some of these methods will be discussed.

ON-OFF CONTROL. One of the sim'plest forms of compressor capacity control is
through the use of the low-pressure motor control found on most reciprocating compres-
sors. This system .is satisfactory where the loads are fairly constant and light loads
are not encountered. On light loads the machine will tend to short cycle and impose
severe stress on the electrical equipment. If started too frequently the motor may over-

t.iheat and e contacts of the motor starter may be damaged. The starting current drawn
from the, e could cause voltage fluctuations that may affect other equipment on the
same distribution system.

The operation of the-on-off type control is as follows: The pressure tube of the
low-pressure switch is connected to,the compressor suction line and the electrical
contacts are-wired in series with the holding coil of the compressor motor starter.
On a falling load the suction pressure drops below the desired limit, the switch opens
and deenergizes the motor starter to stop the compressor. On a rising-load the suction
pressure rises to a predetermined point, the switch closes, energizing the motor starter
and starts the compressor.

%sr

VARIABLE SPEED. The capacity of a compressor is in direct relationship to the
speed at which it is turning. Therefore, controlling the speed of a compressor will

control its capacity. One type employs a manual speed changing switch and a constant

speed motor starter. This type of system is ideal where loads do not fluctuate widely.
Another type employs two low-pressure controls and a two=speed motor starter. One
pressure control ptaces the unit in low speed on a decrease in load and the other cycles
the unit.

HOT GAS BYPASS. This method employs a solenoid valve, see figure 3. This
valve is closed for full capacity. The valve opens for half capacity and gas from one
bank of cylinders goes back into the suction line. A check valve prevents the gas from
the other bank of cylinders from backing into the suction line, This type of system
should be avoided except where capacity reduction is infrequetand for short periods of
time for the following reasons:

There is no reduction in power consumption at reduced loads.

The hot gas causes hot cylinder heads.

There are noise and lubrication problems with iTrype of system.

5
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Figure 3. Hot Gas Bypass System Figure 4. Cylinder Bypass System
CYLINDER BYPASS. In this system, the solenoid valve is installed so that it closesthe suction line off to one bank of sylinders, seé-ligure 4. The cylinders caiihot pumpbui the valves continue to operate causing the following disadvantage: high vacuum iscreated in the suction manifold and the cylinder which causes oil pumping.
CYLINDER UNLOADERS. Capaeity control is accomplished in this system by hold-ing.the suction valves open. Figure 5 shows a diagram of the hydraulic cylinder unloader.Suction pressure sensing variations in the load will load or unload each controlled cylin-der. 4the majok components of this system are the capacity control valve, hydraulicrelay, unloader power element,and the unloader sleeve.
Operation. The operation can be traced in figure 5. The pressure from the crank-case is fed through a surge chamber which changes the pulsating pressure to a stabilizedflow to the capacity contrOl valve (1). As the increase of pressure enters the valve, aninternal bellows is expanded and the pushrods attached to the needle and seat assemblypull the needle toward the seat. This action increases the control oil pressure. The in-crease of pressure in the crankcase is also passed through the oil pump to the hydraulicrelay (2).

NOTE: This pressure is true oil pressure plus suction pressure. The
increased oil pressure will bleed through the port in the end of .the relay
piston and force the relay piston to move one notch for each increase of
2 psi. For each increase of 2 psi the repositioning opens a port leading
to an unloader power element (3). There is one less cylinder unloader
power element than total number of cylinders; this Means that one cylin-
der will be fully loaded at all times.

6
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Figure 5. Cylinder Unloader Circuit

As the unloader element (3) has the increased power applied, it is forced against

the piston face, opposing the spring pressure and pushing up on the lifting fork assem-

bly (4). This action causes the lifting fork to drop, which allows the unloader sleeve (5)

to drop. The dropping action of the unloader Sleeve allows the pushpins (6) to fall

against the face of the unloader sleeve allowing the suction disc (7) to seat on top of the

cylinder and load the cylinder.,,

As the pressure decreases in the crankcase, the decrease through the capacity

control valv.e (1) causes the bellows to contract and"the pu.Shpins (9) push the needle

away from the seat decreasing the control oil pressure (10): This decreased control

oil pressure will allow the spring pressure to reposition the piston, closing off feed-

line ports to the unloader power elements one notch against the ball and seat asSeiribly

(11) for each 2 to 2. 5 psi change in pressure. As the pressure is no longer being

applied to the unloader power element (3) the internal spring pressure forces the exces-

sive oil to return by gravity feed to the crankcase. The action of the lifting fork (4)

forces up ori the unloader sleeve (5). This lifting action pushes the lifting pin (6) against

the disc type suction valve (7) raising it off the seat, unloading the cylinder.

Adjustment. The capacity control mechanism must be adjusted to maintain a

balance between the load and compressor capacity. This adjustment is made by turning

the external adjustment stem on the capacity control valve. Turning the adjusting stem

clockwise (in) unloads the cylinder. Turning the adjusting stem counterclockwise (out)

loads the cylinders.
The ideal setting of the capacity control valve is achieved when the first cylinder

unloads at arpressure of 3 pSi below the design suction pressure. The capacity control

valve loads and unloads cylinders in steps to balance the compressor capacity with the

heat load. The dohyressor must be fully. loaded before the capacity control valve can be

correctly adjusted. If it is impossible to fully load the system before setting the control

valve, adjust the valve to give a minimum of cycling and make the final adjustment when

the system is fully loaded. 7
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Multiple Cornpzessors

There are soma instailations where complete shutdown due to cumpressor failure
would cause serious financial loss. In these instances the refrigeration load is broken
up uitt-: two or more parts, each handled by a single compressor. This provides standby
service and, under partial load, only the required number of compressors are operating.
These systems will be covered in a later unit of instruction.

CONDENSERS

The condenser is basically a heat exchanger where the heat absorbed by the refrig-
erant during the evaporating process is given off to the condensing medium. The heat
given off by the condenser is always greater than the heat absorbed during the evapora -
ting process, because of the heat of compression. (This was covered in your study of
the pressure-enthalpy diagram.) As the heat is given off by the high-pressure, high-
temperature vapor, its temperature falls to the saturation point and the vapor condenses
to a liquid, hence the name condenser.

Air-Cooled Condensers

This most commonly used condenser is of tube and external fin construction and
dissipates heat to the ambient air. Heat transfer is efficiently accomplished by forcing
large quantities of air through the condenser assembly. Air-cooled condensers are easy
to install, easy to maintain, require no water and there is no danger of fr zing in cold
weather. However, an adequate supply of air is necessary and the fan use noise
problems ih large systems. In very hot regions the temperature of the ent air may
result in high condensing pressures, but if the condenser is properly si d they can be
used in all climate regions.

Draw through fans which pull the air through the condenser, result in a more uni-
form flow through the condenser than the blow-through. Since even distribution of air
will increase the condenser efficiency, the draw-through types are preferred.

Air-cooled refrigeration systems that are operated in low ambient temperatures are
susceptible to damage due to low head pressure unless means of adequately maintaining
normal head pressures are provided. The capacity of refrigerant control devices are
dependent upon the pressure difference across the device. Control devices are selected
for desired capacity with normal operating pressures. Abnormally low head pressure
reduces the pressure difference across the expansion valve or refrigerant control re-
sulting in insufficient refrigerant flow. This will cause erratic refrigerant feed to the
evaporator, possible frosting of an air-conditioning coil arid lower refrigerant velocity,
permitting oil to settle out and trap in the evaporator causing a shortage of oil in the
compressor.

CAPACITY CONTROL. To,overcome the capacity and startup problems there are
various solutions. The condenser may have multispeed fans, dampers over the con-
denser to control airflow, or the best solution to backflood the condenser with liquid
refrigerant by using a head pressure control valve.

2 .4 "
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Wa:er-Cooled cadenvers

When an adequate supply of low Lost condensing water is available. water-cooled
condensers are often desirable because of the better condensing pressuies, and better
head pressure control is possible.

Brrause of water's excellent heat transfer ability, water-cooled condensers can be
quite compact.

These condensers aVe of three basic types: (1) double tube. (2) shell and coil, and
(3) shell and tube.

:The double-tube condenser is one with a tube'within a tube with the water flowing
through the inner tube. This type is sometimes formed into a coil approximately 20"
in diameter. It uses a counterflow of water and refrigerant for the greatest amount of
heat transfer.

The shell-and-coil condenser is one with a copper coil enclosed in a steel shell.
The water flows through the coil and the refrigerant is in the shell. The shell also acts
as a receiver on a unit using this type of condenser. This type of condenser is very
difficult to service, clean, and repair leaks on.

The shell-and-tube condenser is one with tubes inside a steel shell. This condenser
permits a large amount of condensing surface in a small space and has the added advan-
tage of being easy to clean and service. The water flows through the tubes and the
refrigerant is in the shell. Like the shell-and-coil condenser, this also serves as a
receiver.

Evaporative Condensers

This type of condenser is used where lower condensing temperatures are desired
than are obtainable with air-cooled units, and the available water supply may not be
adequate for heavy 'water usage. FAN ELIMINATORS

:
This type of a gondenser is essentially

a condenser and cooling tower combined
into a single unit. A diagram of an evapor-
ative condenser is shown in figure 6.

Both air and water are used in the evap-
orative condense -. ,The water.is pumped'
from the sump to a set of spray nozzles and
sprays down over the condenser tubes ba4k
to the sump. The air is drawn from the otit-
side at the bottom by a blower and is dis-
charged back to the atmosphere on top of
the condenser.

9
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COOLING TOWERS'

Although the cooling tower is not considered as an actual refrigerant condenser. its
function in the system is so closely related to the operation and maintenance of water-
cooled condensers, this heat.rejection component of the system will be discussed at this
time.

Cooling towers (see figure 7) are usedi--
to cool the water from the water-cooled
condensers of refrigeration and air-condi-
tioning systems. The hot water from the
condenser is pumped to the top of the tower,
then sprayed on a distribution deck where
it passes through holes and falls onto the
wetted deck. The cool water falls into the
collection pan and the cycle begins again..

Air passing through the tower evapor-
ates some of the water. The heat of evapor-
ation comes from the water itself; therefore,
when the water reaches the collecting tank
at the bottom of the tower its temperature
is 10 to 18° less than it was at the topiot the
tower. The smaller the droplets of water
the more surface area is exposed to the
action of the air and the faster the rate of
evaporation. The same process takes
place here that takes place when a swimmer
comes out of the water. As long as the swimmer is under the water and not in contact
with the air, he is relatively warm. However, when he steps out of the water into the
air, evaporation takes place. The heat for this evaporation comes from the swimmer's
body and leaves a feeling of being cold.

Figure 7. 'Cooling/Tower

A basic cooling tower (figure 8) con-
sists of water spray, a collecting pan,
drain connections, and a structure of
louvers or solid panels which form an
enclosure or spray chamber. A pump is
provided for the recircufation of the cooled
condenser water. Most cooling towers are
equipped with an adjustable bleed-off to
help reduce scale and corrosion.

Types

There are two types of cooling towers;
one is the atmospheric or natural draft
tower which depends on wind velocity, the
other is the forced draft type which uses a
fan to force the air through the tower.

10

Figure 8...Schematic Diagram of a
Natural Draft Cooling Tower
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NATURAL DRAFT. A natural draft or atmospheric cooling tower is dependent on
natural air movement ciirough its structure for effective operation. This type of tower
has louvered panels on all four sides CO.permit the wind to pass through the spray
chamber. Structural members of these towers are usually made of steel, and the wetted
deck of cypress or redwood. They are normally used for small refrigerating systems
andare always located outdoors. To permit maximum circulation of air through them,
they are placed nn an elevated structure when adjacent to a building, or on the ground
when they are placed a good distance from a Building or other wind obstruction. All
atmospheric towers Inust be placed away from wind obstructions to obtain the benefit of
prevailing winds during the summer.

,
,

Natural draft towers are desiped for a 3 to 5 mile wind velocity anc' are selected to
co,-,t the wa er to approximately 7u r,bove the wet bulb tempeiature: The amount of water
circulated through the tower spray system is at thR rate of five galloni per minute per

-..

tt,n of refi igeration required.

FORCED DRAFT TOWERS. Forced draft towers are equipped with solid metal
panels on alt four sides which are mounted on structural steel ma-mbers with upenings
for flow f inlet and discharge air. Fans are located either at the inlet or at the outlet
of spray chamber depending on manufacturer's particular design. Normally, forced
draft towers are used on large refrigerating systems and are installed either indoors or
outdoors in any convenient space. Indoor installations are nepr the outside wall to
reduce duct work to and from the outside. Sizes of the ducts are never smaller tnan
the openings of the tower. Restrictions in ducts and louvers. and sharp or square bery.
ara avoided since they reduce the airflow. Force draft towers are selected for the
same wet bulb temperatures as natural draft towers and cool the water to approximately
70 above the wet bulb temperature. The amount of water circulated through the tower
spray system is at the rate of three gallons per minute per ton of refrigeration required
(see figure 9).

Regardless of whether a natural convection or a forced convection tower is used.
1.8 gallons of water must be evaporated per hour for each ton of refrigeration capa-ity. ,

Cooling Tower Components

TI.t.- t-pray nozzles a..z. used to distrubute and atomize the condenser water to tne
top of the tower. The distribution deck further distributes the water over the wetted
rieck. The wetted deck made of redwood or cypress slats slows the waterflow aidirm
in evaporative cooling of the water. Louvers are used to direct the airflow through the
tower. The cool water falls into the collection pan or sump. An overflow pipe is in-
stalled in the sump to reduce water spillage and can be used for bleed-off control. The
bleed-off line may also be installed on the waterline from the condenser to the spray
nozzles. The float valve is installed in the water makeup line to start and stop the flow
of makeup water. The water circulating pump supplies cool water from the cooling
tower sump through the water-cooled condenser. to the spray nozzles (figure 9).

m
The forced draft tower has a fan to fofce air through the tower-and eliminators to

prevent water being pulled out by the fan. ,

v
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Figure 9. Schematic D'agrarn of s :,:echanical Draft Cooling Tower

Cooling Tower Piping
1/11#

Condenser water-circulating Piping is usually of galvanized steel pipe and cast-iron
fL fittings. Sufficient numl ers of valves, flangc.3, and unions are installed so that the

pump an., condenser may be disconnected easily. Gate valvc...i are used in the lines
..ce they offer less resistant ? to the waterflow. Globe-type drain and vent valves are'
installed at aii low and high points to drain lr vent the piping system. N,,ulticoneenser
systems nave valves chi' inlet and outlet later ccnnections to each r--,adenser so that c.ii-
densers m2,7, be disconnected r7,thout ir 2rfering with the operation of the rest of ':he
.conoenser water circl,lating system Pipe connections to the ,:onling tower, condenser,
ane puhips should newer be zmalier than the inlet or outlet connections of :he equipir .nt.
The pimp inlet c_mne.:tio.. to the coming tower pan is always the sgme pipe size as thL
fitting on thc [no for a distance of five feet if the connection is vertical, and fur the
entire length if it is horizontal. The pump inlet connection at the Cower pan is protected
by 2 wire screen to prevent debris froth entering the piping system. (

Capacity Control

The amount uf heat removed from the condenser may be controlled by one of the
following methods. When these methods are used together, there is a more efficient
control. Figure 10 shows the three main capacity contrdl systems.
..

12
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MODULATING VALVE. This valve is operated by a Series 90 electric motor and a

thermostat. The thermostat senses the temperature of the water leaving the condenser.

It has an insertion type sensing element that is installed in the outlet waterline from 'the

condenser. The thermostat is set for a desired temperature. When the water tempera-

ture decreases, the valve closes the waterline from the tower to the condenser. This

increases the condensing temperature and raises the head pressure. When the conden-

ser water temperature rises to the cut-in setting on the thermostat the bypass portion of

the valve closes. This allows the water to flow from the condenser to the tower.

PRESSURESTAT. In this method of capacity control the cooling tower fan is cycltd

by a pressurestat that is connected to the compressor discharge line. When the dis-
charge pressure increases, the pressurestat wilI cycle the fan to the ON position. This
removes the heat from the water, reducing the pressure. When the discharge pressure
decreases to the pressurestat setting, the fan is cycled off.

MODULATING DAMPERS. These dampers are located in the tower fan discharge

airliow. The operation or he dampers is controlled by a pneumatic thermostat. A
pneumatic damper operator positions the dampers according to what is called for by the

thermostat. A remote l-ulb Sensing element is installed in the collecting pan of the cool-

ing tower. When the condensing pressure increases, the tower water temperature in-

creases. This is sensed by the thermostat. The thermostat sends a signa o e con-

tr Dller to open the dampers. This allows more air to go through the wat to r ove

the heat. When the temperature is reduced the thermostat signals the dampe o.erator
to,close the dampers.

WATER TREATMENT

Water treatment is a very impOrtant part of the operation of cooling towers and

consequently water-cowd condensers. Without treatment of the water, the formation

of scale, corrosion, o'flalgae will have a direct result on the efficiency of the system.

The refrigeration speci st need not be a chemistry major to perform water treatment.

He should tholigh, know how to recognize water problems and the treatment and preven-

tion of these problems.

Corrosion is the destruction of metal by chemical or electrochemical action. Rust

is a form of corrosion. All metals containing iron will rust if exposed to the effects of

%Air and moisture. Water increases the corrosion or rusting process.

Scale is the residue or deposits left by water. This can be demonstraled by placing

some water containing minerals in a pan and boiling away the water. The minerals will

be left in the pan. If this process is continued several times, the pan will become

covered with a coat of these minerals. These minerals are called scale.

Algae is small microscopic plant and animal life that forms and grows in water.

Algae if uncontrolled can become a big problem in water towers, tanks, piping, pumps,

and condensers.

Acids, Bases and Salts

Acids, bases, and salts are chemical compounds associated with waters used in

refrigeration systems-I. The early chemists discoVered that compounds had distinct

tastes. Vinegar lernon juice had a sour' taste so the chemists named then "acids"

from the Latin word "Acidus," meaning sour.
14
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The second group of compounds such as caustic soda and lime had a bitter taste.

This group of compounds would destroy the sourness of acids and would act as a, founda-
tion for the manufacturing or makingof the third group. Since they acted as a foundation
they were called bases.

The third group of compounds was obtained by mixing a base and an acid together.
These compounds had a salty taste and were called 'gaits. When these salts are mixed
with water, we call them brines. Table salt mixed with water produces a sodium
chloride brine. Cold brines are used in ice plants to circulate around fresh water ice
cans to produce ice. Brines are very corrosive to metals; therefore, corrosion inhib-
itors are employed to reduce corrosion. 4

Testing for pH

Just as a thermometer measures the intensity of heat, pH measures the intensity
of an acid or base in solution. pH means potential hydrogen; a hydrogen atom that has
lost its electron (H+); a positive hydrogen atom; a positive hydrogen ion. Where many
hydrogen atoms lose their electrons, the water solution containing these hydrogen ions
becomes very aggressive; so aggressive, in fact, that the water will eat metal right
off iron pipes. This aggressive water is acid in nature.

pH determines the degree of acid or base, in solution. With litmus paper and "P"
indicator we can determine whether a solutidn is acid or base, but we cannot determine
the degree of intensity. With pH comparators, we can determine not only the nature of
the solution but also the intensity of acid or base. Acids contain more hydrogen ions
(H+) than hydroxyl ions (OH-) and range in pH from 6.9 to zero. Bases contain more
OH- ions than H+ ions and range in pH from 7.1 to 14.

Pure water is made up of H20 molecules but also contains H+ ions and OH- ions in
equal amounts. The pH of pure water is 7.0 which is neutral; neither acid nor base.
When there are impurities in water, usually this balance is disturbed and there is more
H.+ or OH-. This causes the water to be acid or base. Going a step further, acids can
be identified as those substances which, when dissolved in water, increase the hydrogen
ion (H+) concentration; bases as those substances which, when dissolved in water,
increase the hydroxyl'(OH-) ion concentration. HCL is an acid. NaOH is a base.

It has been found that the hydrogen and hydroxyl ion concentration of purerater is
0.0000001 gram per liter or 0.0000001=1/10 grams. The pH value of the water would
then be expres s 6.0. A pH of 5.0 is 10 more'times more acia than a pH of 6.0.

The relation bet n H+, OH-, and pH values is shown in figure 11.

TEST FOR ACIDS. very simple test is to place litmus paper in the acid solution.
Acid turns blue litmus p er red. Another test for acids is to check the solution with
phenolphthalein "P" in cator.' "P" indicator remains colorless when placed in acids.

15
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TESTS FOR BASES. Bases are probably not as well known as acids but they are

just as important.

Sodium hOroxide is a white, crystalline solid. It is soluble in water, bitter to the
taste, feels slippery between the fingers and burns the skin. It is more Ommonly
'known as lye or caustic soda. Nextto sulfuric acid, sodium hydroxide is "nrobably the
most widely used chemical. It is a very strong base and must be handled'with caution.

Bases turn red litmus paper-blne. When the pH is above 7.9, bases turn "P' indi-
cator red. Bases are used to neutralize acids.

pH Adjustment. Scale iiiv_be slowed down or stopped by reducing the pH value of
the water. This may be done,bkAding inhibited sulphuric ,acid to the water. An inhib-
ited acid will not dissolve metal, ':As seen in figure 12, scale occurs at a pH of 9.0 and
above. Acids reduce pH value: If we reduced the pH at 8.0, scale would usually be
controlled. Acids should be,_fegi into large systems with an automatic proportional
feeder to prevent excessive acTid' additions. The pH should never be adjusted below 7.0.

,
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-Corrosion

As was mentioned earlier, corrosion is the destruction of metal by chemical or
electrochemical action.

CHEMICAL CORROSION. Corrosion caused by chemical reaction occurs when the
pH of the water solution is below 7.0. Daring chemical attack, the metal dissolves
into the acid solution. Metal is eaten away uniformly. If corrosion is not arrested,
failure nf the pipe or tubing will take place. The pH requirement for miniinum corro-
sion or scale formation in chilled and cooling water systems is between 7.0 and 9.0.

ELECTROCHEMICAL REACTION. Electrochemical action is similar to the reac-
tion which takes place in the battery of your car. When two dissimilar metals are in
contact, such as brass and steel, a cell reailts. Metal will be removed from one and
will e4ther go into solution or be deposited upon the other. Nonuniform corrosion is ,

produced by electrochemical cells.

AC electrical equipment should not be grounded to waterpipes that show signs of
electrochemical corrosion, as this makes more active cells with a resultant increase
in the corrosion rate.

General Methods of Preventing Corrosion. Various methods play be employed to
prevent corrosion. Oxygen and carbon dioxide m.ay be removed from the water bi
chemical or mechanical means. Chemicals are added to the water to form protective
films on the metal and direct current is impressed on the metal to prevent cell-type
corrosion.

Corrosion Prevention by Cheminl Treatment. The most common chemical used
to control corrosion are chromates VAd poryPhosphates.

Scale

Scale is a white deposit consisting of compounds of calciuM and magneshim. Scale
on the inside of water-cooled condensers presents a serials problem because it reduces
the efficiency of the condensing unit.

SCALE FORMATION. The evaporation of water from a cooling tower leaves cer-
tain solids behind. Recirculation of the water and the accompanying evaporation causes
the coneentratinn of solids to increase. If this concentration is not controlled, scale
will result.

METHODS OF REMOVLNIG SCALE. It is much easier to prevent scale than it is
to remove it, hit there will be times when scale removal is necessary. Two general-
methods are used to remove scale; the mechanical and the chemical method.

Mechanical Method. Scale is removed mechanically by brushing, scraping, and
grit blasting. Mechanical methods are very effective on hard, rough surfaces such as
evaporative coolers, coolmg tower louvers, spray chambers, water pumps, etc. On
soft copper and brass surfaces, however, the mechanical method may cause scratches,
'cuts, and nicks which make a good starting pointfor scale. In such cases, chemical
methods should be employed.

17
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Chemical Method. Chemical me
dissolving scale deposits in a clean
Whenever possible, commercial inhi
solution. The inhibitor will limit
action on the scale deposit.

s of removing scale from equipment consist of
,solution consisting of dilute hydrochloric acid.
itor powder should be, added to the scale cleaning

corrosion without materiapy reducing the solvent

METHODS OF PREVENTING SCAL
and every job presents an individual probl
listed are usually the most effective in preve

There are many methods of preventing scale
. The following methods in the order

g scale.

* Turbidity control

* Once-through water system

* Bleed-off adjustment

* Surface active agents

* pH adjustment

* Zeolite softening

Once-Through Water. Where an abundant supply of cheap water is available, cool-
ing water may pass through the equipment once and undergo a slight rise in tempera-
ture (10 to 1513). Little difficulty from scale will be experienced with this method unless
the hardness is more than 200 ppm.

ace Active Agents. Surface active agents, such as micromets, are polyphos-
hich have the property of keeping calcium and magnesium compounds (scale
in solution longer than normal.

There are a number of phosphate water treating materials on the market, some of
which are readily soluble and some slowly soluble, but in any case, it is necessary for
the metaphosphate to be in the system all of
the time. Phosphates that are in solution
form, or readily soluble should not be
dumped into the cooling tower since they
will immediately start leaving with the
bleed and within a few hours the residual
will be down below the required amount.

Either a feeding device or a slowly
dissolving phosphate with controlled
solubility must be used. Results will not
be obtained unless the phosphate is fed into
the water at a fairly constant rate.

One manufacturer supplies inexpensive
plastic mesh feeding bags into which are
placed a slowly soluble phosphate material
in plate form. (See-figure 13.) This plate
material gives a very uniform solution rate
because the solubility rate depends upon
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the surface area and t ie surface area remains fairly constant as the plates become
thinner. Thus, the rate of feed is very constant for several months, or until about
60 percenc of the material has dissolved. The desirable features of using the feeding
bags are that the bags are inexpensive, easy to install and when placed above sump
water level they do not ovettreat the system when the equipment is not in use because
the chemical dries out and stops feeding.

Other materials in granular form are available but they must be used in a feeder
in the makeup water line. If slowly soluble phosphate is used, place it in a suitable
container so that it will not be thrown away each time the tower is drained.

Turbidity. It is measuitd in parts per million (ppm). One ppm turbidity means one
pound of clay or mud in a million pounds of water. The particles of clay are sapended
in the water. This means that they can settle out or be filtered. Solids in solution
such as salt dissolved in water cannot be filtered.

Bleed-Off Adjustment. In a system using a cooling tower of evaporative condenser,
bleed-off is the best method of preventing scale formation. Bleed-off limits the concen-
tration of hardness in solution in the circulating water. If the bleed-off plugs up, the
concentration of scale-forming solids will increase rapidly and scaling will result.

Bleed-off should be set at a minimum of one gallon per hour per n of cooling. If
scale forms, the bleed-off should be gradually increased. The maximum bleed-off
allowed is four gallons per hour per ton of cooling. A greater rate would result in a
waste of water. If scale does continue to form when bleed-off is set at maximum, then
it is necessary to chemically treat the circulating water or soften the makeup water.

Location of Bleed Line. he bleed line should be located as illustrated in figure 14.

One or both points A and B ust be
higher than the water level in the pan to
prevent the water from syphoning out when
the system is not running.

Use gate valve C only where pressure
in the bleed line makes shutoff desirable
for removing pipe cap B. Always locate
valve C within easy reach of pipe cap.
Valve C must be left wide open and not
used for regulating flow:

1141?

Bleed line discharges through drilled
hole in removable pipe cap. Select drill
size to give proper bleed rate. Leave cap
fingertight so it is easy to remove for
cleaning.

Leave an eight-inch clearance between
pipe cap and draig, so quart bottle can be
used to measure bleed rate.
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Bleed rate can be measured by determining the number of seconds it takes to fill a
quart bottle. Bleed rate in gallons per hour equals 900 divided by the number of seconds
retjuired-to fill the bottle.

Remember, no method of water treatment will work satisfactorily unless the bleed-
off rate is maintained correctly.

Algae

Algae are slimy living growths of one cell animals and plants. They May be brought
in by birds or high winds. Algae thrives in cooling towers and evaporative condensers
where there is abundant sunlight and high temperatures to carry on their life process.
Algae formations will plug nozzles and prevent proper distribution of water which will
in turn cause high condensing pressures and lotviereil efficiency.

Chlorine base algaecides are used to contrdit or prevent the growth of algae, Calcium
Hypochlorite being commonly used on Air Force installations. 1. 5 ppm of this chemical
will control the growth of algae satisfactorily.

EVAPORATORS

The evaporator is that part of the low pressure side of the refrigeration system in
which the liquid refrigerant boils or evaporates, absorbing heat as it changes to a vapor.
It accomplishes the actual purpose of the system -"Refrigeration."

Classification

Evaporators used in air-conditioning systems are generally classified as direct
expansion coils or the shell-and-tube chiller.

DIRECT EXPANSION COIL. This evaporator is widely used for cooling air. It
consists of a series of tubes with fins attached for a greater heat transfer surface. The
direct expansion coil may be either of the dry or flooded type. In the flooded type a
float is used to keep a constant level of refrigerant in the evaporator. The dry type uses
an expansion valve metering device.

SHELL-AND-TUBE. This evaporator is used to provide chilled water for air-
conditiong systems. This type also may be of the flooded or dry type. The water it
in the tubes in the flooded type and one-half to three-quarters of the tube bundle is sub-
merged in liquid refrigerant. This type evaporator is used on larger units. In the dry
type the refrigerant is in the tubes and the water circulates over the tube bundle. This
type evaporator is used on.smaller units.

REFRIGERANT METERING DEVICES

There are six different types of refrigerant metering devices: (1) hand expansion
valve, (2) automatic expansion valve, (3) thermostatic expansion valve, (4) capillary
tube, (5) low side float, and tht (6) high side float. In this section we will discuss the
automatic and thermostatic expansion valves.
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Automatic Expansion Valve

The automatic expansion valve main-
tains a constant pressure in the evaporator
by opening and closing in reponse to changes
in the load on the evaporator. Figure 15
shows a diagram of the automatic exPansion
valve. The valve consists of a needle and
seat, a pressure bellows or diaphragm, and
an adjustable spring.

DIAPHRAGM

ADJUSTING
SCREW

NEEDLE
AND SEAT

EVAPORATOR
PRESSURE

SPRING

OPERATION. The operation of the PRESSURE

valve is automatic. Once the tension on the ,
CM l -012

spring is adjusted for a desired pressure,
the valve will automatically adjust the flow Figure 15. Autoac Expansion Valve

.....

of refrigerant so that the desired evaporator pressure is maintained no matter what the
load on the evaporator is. This is accomplished as a result of evaporator pressure
working against spring presstfre. Evaporator pressure rises. If the pressure rises
above 15 psig it will override the spring pressure closing the valve off.

The operating characteristics of the valve are such that the valve will close off when
the unit cycles off and remain closed. Some refrigerant remains in the evaporator and
continues boiling after the compressor cycles off. This increases the pressure in the
evaporator over the spring pressure causing the valve to close.

Thermostatic Expansion Valve
The thermostatic expansion valve is the most widely used metering device because

of its high efffaiency and adaptability to any type application. It maintains a constant
degree of superheat in the evaporator allowing the evaporator to be completely filled with
refrigerant no matter what the load on the system is. Because of this, it is very suitable
for systems with wide load variations. .

The princiRal parts of the valve are: the needle and seat, a diaphragm or be4ws,
a remote bulb connected to one side dt4he diaphragm or bellows, and an adjustable
spring, see figure 16.
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Figure 16. Thermostatic Expan-
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OPERATION. The operation of the thermostatic expansion valve results from the
interaction of three independent forces, (1) evaporator pressure, (2) spring pressure,
and (3) remote bulb pressure. Remote bulb pressure tends to open the valve and the
combination of evaporator and spring pressure tend to close the valve.

An example of the operation is as follows: referring to figure 17 let's assume that
R-12 refrigerant is boiling in the evaporator at a temperature of 24°F. Evaporator
pressure (P1) is 23.9 psig corresponding to a temperature of 24°. Assume further that
the spring tension is adjusted to-exert a pressure (P2) of 6.2 psi, so the pressure tend-
ing to close the valve is 30.1 psig, the sum of P1(23.9) and P2 (6. 2). If there isn't any
pressure dzop in the evaporator we can safely say that the temperabire and pressure of
the refrigerant are the same throughout the evaporator as long as there is a liquia and
vapor mixture. However, at some point (B) near the end of the evaporator all the re-
frigerant will have changed to a vapor. From this point (B) on, the vapor will continue
to pick up heat, becoming a superheated gas. This increases the temperature while
the pressure of the gas remains constant. In this case let's assume the vapor is super-
heated from 24° 32o

(bi
-o superheat) from point B to the,remote bulb location at point C.

The temperature of the refrigerant in the remte bulb will be the same as the vapor in
the line (32°). This pressure is exerted on the diaphragm of the valve tending to open
the valve. In the example above the pressure tending to close the valve (P1 + P2 = P3)
so the valve will remain in whatever position it is in. The valve will remain in this
position until there is a change in superheat unbalancing the valve one way or the other.

BULB PRESSURE P

DIAPHRAGM

NEEDLE
AND SEAT

4 EVAPORATOR
I-- PRESSURE Pi

ADJUSTING
SCREW

32° 301 PSI)

SPRING
PRESSURE

P2

24° -23 9 PSI

24° 23 9 PSI

/ 32° 23 9 PSI

11.
240 23 9 PSI

Cia-0111A

Figure 17. Thermostatic Expansion Valve Operation

Thermostatic Ebcpansion Valve with Extert/al Equalizer

The refrigerant drops in pressure as it goes through the evaporator, so the boiling
point of the refrigerant will also drop with the pressure. As long as the pressure drop
is small it has little effect, tut if it is large the temperature at the outlet of the evapo-
rator will be considerably lower than at the inlet. This has an adverse effect on the
valve in that a higher degree of superheat is required to balance the valve. In this case
an externally equalized valve must be used to compensate for the pressure drop.

22



This can be shown by using the same example as shown in figure 17 but allowing for
an 8 psi pressure drop in the evaporator (figure 18). The following would occur: The

poin of the refrigerant at the inlet of the evaporator is 240 with a pressure ofboiling
23.9 psig ( ) pushing against the diaphragin. The spring tension is adjusted at 6.2 psi
(P2) so a re ote bulp pressure (P1 + P2 = P3) of 30.1 psi (P3) is .required to balance the
valve. ln the previous example 80 superheat was required to balance the valve, but let's
assume that the refrigerant has a pressure drop of 8 psi. This will drop the pressure at
the outlet of the evaporator to 1 5.9 psig resulting in a drop of boiling point to 120F. This
means that the suction gas will have to be superheated from 12° to 320 (20°F) to provide
the proper pressure in the remote bulb to balance the valve. To obtain this much super-
heat, point B must be backed up in the evaporator making a larger portion of the evaporator
ineffective. This,in turn,reduces the capacity and efficiency of the unit.

20 -
21 1 PSI

21 1 PSI

24* 239 PSI

62 PSI

15 9 PSI

II PSI PRESSURE DROP

12* 15 9 PSI

I

Figure 18. Large Pressure Drop Effect

OPERATION. To compensate for this pressure drop an externally equalized valve

may be used. Referring to figure 18 notice that a small line from the evaporator outlet

allows evaporator outlet pressure (P1) to work against the diaphragm instead of inlet

pressure. In this way the pressure drop has no effect on the degree of superheat re-
quired because Pi is now 15.9 psi instead of 23.9 psi. Therefore, to balance the valve

a remote bulb pressure of 2 2.1 psi (15. 9,+ 6.2 = 2 2,1) or 200 is required maintaining

an 8° superheat seA-ting.

ACCESSORIES

A number of accessory items are usedc refrigeration systems for specific
purposes, and their requirement in a particular system depends on the application.

Heat Exchangers

A heat exchanger ( figure 19), whether used in refrigeration, heating, or any other
application is a device for transferring heat. In the refrigeration industry, a heat
exchangei is used to transfer heat from the hot liquid line into the cool suction line. A
typical heat exchange'r installation is illustrated in figure 20. The suction vapor (at a
low temperature) goes through the inside tube in one direction and the hot liquid goes
through the outside tube in the other direction. The pet liquid in the outside tubes keeps
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the heat exchanger from sweating. For best efficiency, the heat exchanger should beinstalled in the refrigerated space.

The counterflow effect of the hot liquid on cool vapor increases the heat, transferrate.

Advantages of Heat Exchangers

There aye several advantages of using heat exchangerS.

1. Minimizes flash gas.

2. Sweating or frosting of the suction line is minimized or eliminated.

3. Flooding of liquid refrigerant to the compressor is minimized or eliminated.

4. Liquid enters the expansion valve at a lower temperature.

This advantage is very important in low temperature application. The hot
liquid that comes from the reOeiver must bave its temperature reduced in the
evaporator before it can be evaporated. This means that heat is being carried into
the evaporator by the hot liquid. In passing through the expansion valve, part of the
liquid vaporizes and takes up the sensible heat from the rest of the liquid, reducing
its temperature to that of the evaporator.

As an example, if one pound of 1000 F liquid passed through the expansion
valve into an evaporator with a temperature of 00, about 1/16 of the pound would be
vaporized reducing the 1000 F liquid to O. Therefore, there would be only 15/16
of a pound of liquid left to produce refrigerating effect.

5. Increase compressor efficiency.

At air-conditioning temperatures, a heat exchanger will increase the volume
of the suction gas enough to offset any advantage gained by reducing the amount of
flash gas in the evaporator. This has caused several manufacturers of air con-
ditioning equipment to eliminate the use of heat exchangers in their systems. How-
ever, when you consider the following conditions, it becomes obvious that heat
exchangers can be an advantage to all systems.

All compressors must have an oil film on the sides of the cylinder to reduce friction
between the cylinder and piston. If this film of oil is full of refrigerant each time the
piston goes down, the refrigerant in the oil will evaporate in the cylinder. This reduces
the amount of vapor the cylinder can remove from the evaporator. A heat exchanger
will increase the temperatures of the suction gas. This, in turn, increases the temper-
ature of the cylinder wall and the oil, which results in a thinner film of oil on the cylinder
wall. The thin oil film can hold Very little refrigerant so the piston can remove more
vapor from the cylinder each stroke.

A heat exchanger ram be manufactured by soldering the liquid line to the suction
line. This is not very effective but it will help to reduce suction line sweating.
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Figure 19. Heat Exchanger (Shell and Tube)
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Figure 20. Typical Heat Exchanger Installation
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Figure 21. Accumulator
An accumulator is in reality a heat exchanger, but it does more than a heat exchanger

does. The accumulator (figure 21) is a tank installed in the suction line as near the
evaporator as possible. The vapor and any "flood over" liquid will enter the accumulator
at point A. The liquid will fall to the bottom of the tank but the vapor can escape through
line B to the compressor. Hot liquid from the receiver flows through line C and loses its
heat to the liquid in the bottom of the tank. This exchange of heat forces the liquid to
vaporize and is removed by the Compressor through line B. After the exchange of heat,
the cooled liquid continues to the expansion valve through line 13. The accumulator is
used on systems operating at 00 F and below.

TO COMPRESSOR .

CMB-046A
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2-

25



Oil Separators
Oil separators (figure 22) are just what the'name implies,. They separate the oil

from the vapor. An oil separator consists of an enclosed steel cylinder with a float and
needle valve inside, a gas line from the compressor, a gas line to the condenser, and an
oil return line to the compressor crankcase. As the hot vapor and oil come from the
conipressor, the oil falls to the bottom of the oil separator and the vapor goes to the
condenser. When enough oil has accumulated, the float rises, opening the needle valve
(the needle valve is always below the level of the oil). The high side pressure forces
the oil to return to the low side of the compressor. .

HOT GAS FROM
COMPRESSOR

OIL LINE TO
COMPRESSOR

HOT GAS TO

CONDENSER

NEEDLE
VALVE

.

FLOAT

..) CMI3-0468
Figure 22. Oil Separator

Most expansion systems operating at temperatures above 0° F do not need an oil
separator. Water coolers, low-temperature systems, and complex multiple installa-
tions operate much more efficiently if an oil separator is installed. The oil separator
is insulated to prevent the discharge vapor from condensing to a liquid.

An oil separator is not a vital part of a refrigeration system and is not a cure-all
for all cases of oil logging. Figure 23 shows a typical installation.
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Figure 23. Typical Oil Separator Installation
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MOISTURE

Moisture in refrigerating machines constitutes a very important problem forrboth
the manufacturer and serviceman. Engineering has solved most of the mechanicL
proOlems in refrigeration while producers have virtually eliminated difficulties due to
refrigerants unless those are misharOled. For the most part, satisfactory lubricating "

oils have been provided, reducing troub0 from this source to a minimum. However,
moisture is still found in some machins. Absence of moisture is absolutely essential
for satisfactory machine operation. It is, therefore, imperative that moisture be
eliminated during the manufacturing process, and the entrance of moisture in a system
be guarded against in all fields of operation. If moisture does get into the System, the
removal must be accomplished as soon as possible.

Cause of Moisture

Moisture may get into a system as the result of:

1. Faulty drying methods at the factory.

2. During assembly or service operation in the field.

3. Low side leaks (this can only happen if the Plow side is below atmospheric
pressure or operating in a vacuum).

4. The breaking down of some hydrocarbon in the oil that produces moisture
(caused by excessive operating temperature).

5. Moisture in the oil (this happens very often if the container holding the oil 's
left open for any period of time).

6. Moisture in the refrigerant (manufacturing methods will sometimes allow
moisture to get into the refrigerant).

l'-reCTOrlDfoiSture

Moisture in a refrigeration system may result in one or more of the following effects:

1. ''Freezing up" at the expansion device (this can only happen if the temperature
is below 32° F).

2. Corrosion of metal to form sludge (this condition will stop up or clog the
expansion device and screen).

3. Copper plating (this condition will result in the piston sticking in the cylinder).

Ice separates from the freon, chloride, and butane refrigerants whenever the
amount of moisture is great enough and the temperature of the refrigerant low enough.
This accounts for the formation of ice in the expansion valve, capillary tube, and
evaporator. .
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In low temperature units, a restricted expansion valve or capillary tube may resultfrom the separation of wax from the oil (thin condition can be eliminated by using adeivaxed oil).

The corrosion of-metals occurs anytime water and refrigerantsyome in contact.With some metals, this corrosion is very slow, but with others, itibecomes much faster.The following information will give you an idea of how and why this corrosion occurs.
1. Water and sulfur dioxide combine to form sulfurous acid (H2S03). -This is amild form of the acid that is used in automobile storage batterieqw, All of usare familiar with the corrosion effect of battery acids.
2. Water and methyl chloride combine to form hydrochloric acid (HCI). Thisacid is used to clean the rust from iron before soldering.

3. Water and Freon combt...ne to'form hydrofluoric acid (H2F2). This acid is usedto etch glass. The combining of water and Freon is very slow and only a smallamount of the acid ts formed. Some servicemen in the field claim that water 4in a Freon system will not cause corrosion, but if the water is left in thesystem long e.iough, it will give trouble.

Driers

If, despite all precautions, some moisture finds its way into the system, it musgbereduced to an absolute minimum for satisfactory operation. This can be done by the useof a desiccant (drying agent).

A drier (figure 24) consists of a shell with-a-screen and filter at each end and theintervening space filled with a drying agent. The drier contains a chemical which hasthe property of removing moisture either by chemical or mechanical action. A drier isusually installed in the liquid line and should be placed in a vertical position with the Linefrom the receiver connected-to the bottom.

Figure 24. Drier

CALCIUM CHLORIDE. This is a chemical desiccant that may be used with allrefrigerants. It will not iteace the moisture content to a very low level, but is satis-factory for ordinary refrigeration systems. When calcium chloride absorbs excessiveamounts of moisture, a highly corrosive liquid is formed which will escape and causedisastrous reiults. Kdrier containing this chemical should not be, left in the systemover 24 hours.
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CALCIUM OXIDE. This is a cheap and efficient desiccant. Its principal disadvan-
tage is that it powders upon the absorption of excessive amounts of moisture, and the
powder being very fine may pass through the filter.

CALCIUM SULPHATE. This is in a granular form, and it has some dust but not as
much as calcuim oxide and with the correct filter does not cause any difficulty.

ALUMINUM OXIDE. This desiccant removes acid and moisture by adsorption. It

may be used with any refrigerant.

SILICA GEL. This is the most popular drying agent. It iSlower than some of the
others bu t. it may Le left In the system indefinitely. ).2.

Oriels I:7e rated according to the horsepower of the compressor motor. If no data
is available, use one nound of desiccant for each 10 pounds of refrigerant in the system.

V ;bration Eliminators

SYSTEM PROTECTIVE DEVICES

1.`

On large installations where hard copper tubing is used, vibration eliminators must
be used. Vibration eliminators are made of corrugated copper tubing with a braided
bronze protecting cover. They are installed in both the discharge and suction lines and
absorb the vibration of the compressor. High-pressure flexible hose is also used as a
vibratiorhliminator, particularly in automobile air conditionin6;.

Fusible Plugs

These plugs consist of a bushing with the inside space filled with a soft alloy. This
soft alloy is the weakest point in the system. If the high side pressure should go too
high, the soft alloy will blow out. The fusible plug is easily replaced and it eliminates
damage to some high-priced unit in the system.

Pressure Relief Valves

These valves have the same purpose as the fusible plugs. When the pressure
reaches a predetermined point, this valve will open and relieve the excessive pressure,
As soon as the pressure has been reduced, the yalve will close.

There7are two types of these valves in common usage--the adjustable and the non-
adjustable. The adjustable type can be set to open at any pressure desired. The pres-
sure should be set approximately 20 percent above the maximum operating pressure.
For a Freon-12 system using an air-cooled condenser, this would be 230 to 235 psi.
The nonadjustable is set at the factory. The pressure setting is normally stamped on
the top of the valve. When using a valve of this type, make sure the setting is high
enough so that the valve will not open during operation but is low enough to protect the
equipment.

Strainers

Regardless of how careful the serviceman performs his job, he will allow some
small bits of metal, dirt, or other foreign matter to enter the refrigeration system.
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Strainers are used to catch and hold these small foreign particles before they damage the
compressor or clog up the expansion valve. Strainers are made from fine mesh wire and
are dedigned to hold a great deal of foreign material before they become stopped up.
Strainers may be located in either the liquid line or the suction line, or both. There
should always be a strainer at the inlet of a refrigerant control and in the compressor
just before the vapor enters the cylinder.'

TYPES OF STRAINERS. There are several types of strainers.

1. Line Strainer. This strainer is installed in the liquid line. The strainer
area is normally 20 times larger than the line. It is cleaned by removing the
unit and blowing dry air or refrigerant through it backward.

2. "Y" Strainer. This strainer consistd of a "Y"-shaped frame containing a
removable screen. The frame is installed in the line and the screen is
removable without removing the strainer frame from the line.

3. Angle Strainer./ This strainer is always installed where the line makes a 900
angle. It is pohSible to remove and clean the screen without disturbing the
lines.

4. - Finger Strainer. This strainer is a fine nresh screen in a cylindrical form.
It is installed at the inlet of expansion valves and in the compressor valve
plate. I

Mufflers

Where quiet operation is essential, specially designed mufflers may be'installed to
reduce compressor noise. These mufflers a installed in the discharge line near the
compressor.

Summary

You have seen how the various components of a refrigeration and air-conditioning
system function, and their relationship-to each other in making up the entire system.
Through careful study of this unit you should have an insight into the problems that may
arise and the procedures required to maintain troublefree systems. Proper operation
of the compressor, condenser, evaporator, metering devices, cooling towers, and all
system accessories should be your goal as a competent, proficient specialist.

References:

1. Textbook; Modern Refrigeration and Air Conditioning, Althouse, Turnquist,
Bmcciano

2. Textbook; Trane Refrigeration Manual
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RZFRIGERANT PIPMG

Refrigerant flowing through refrigerant lines has a drop in pressure due to friction
between the refrigerant and the walls of the tubing. We cannot avoid this pressur _ drop
but can m.nimize its effect by installing the proper line size. The longer a line, the
more valves and fittings in the line, the greater this pressure drop will be. This must
be compensated for by using larger lines to avoid pressure losses which reduce the
zapacity and efficiency of the system.

Suction Lines

The suction line is the most critical line in the system. It must have a high enough
velocity to return tne oil to the compressor. Minimum velocities are: c00 fpm on
horizontal runs and 1000 fp:a on veiticai runs with luaximum welocitv of 4000 fpm to
avoid excesswe noise.

The suction line must also have .., minimum pret-sure drop to prevent reduction of
compressor capacity. This pressure drop should no, exceed 2 os: on R-12 or 3 psi
on R-22 for air-conditioning applic"tions.

SIZDIG SUCTION LLNES. Charts such as the one shown in figure 25 are used to
figure suction line size. This chart is based on a 400 suction and a 1050 condensing
temperature. If the urn has other than these conditions the design tonnage must be
corrected. Figure 25 has correction factors to be used before going to the line sizing

-chart To correct th^ tonnage, multiply it by the correcnon factor and Use this new
figur.: as your . minage

You will notice in ligure 25 that some figures are omitted on the 'eft side of the
chart. Here, the velocity is below the recommended minimum. The tonnage figures
ormt,ed on the right side of the chart are for velocities above the recomTnded
maximum.

FigUre 27 is a chart for the equivalent length to add to the line for valves and fittings
installed Ir. the line.

The velocity of the gas must also be checked after sizing the line, see figure 28.
This cnart is also based on design conditions of 400 suction and 1050 condensing temp-
eratures. Use the correction chart, figure 29, to correct the tonnage if other than
these conditions exist. The tonnage is multiplied by the correction factor to obtain
corrected tonnage.

4
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1

Length
in

Feet

Pres-
sure
Drop

O. D. Copper Tubing

1:2 1 5 1 3/4 7/8 1 1/8 1 3/8 1 5/8 2 1/8. 2 5/8 3 1/8
0.3 1.1 2.1 3.7 6.0 12.2 22.0 34.4

30 0.6 0.6 1.0 1.5 3.1 5.3 8.6 17. 5 31.7 49.6
1.0 0.4 0.8 1.3 2.0 4.1 7.1 11.3 23.1 41.5
2.0 0.6 1.2 1.9 3.0 6.0 10.1
0.3 3.2 5.1 10. 5 19.0 29.7

40 0.6 0.9 1.3 2.6 4.6 7.4 15.2 27.4 42.7
1.0 0.4 0.7 i 1.1 1.7 3.5 6.1 9.7 19.8 35.6 56.0
2.0 0.5 1.0 1 1.6 2. 5 5.1 8.7 14.1
0.3 4.5 9.4 16.8 26.0
0.6 1.2 2.3 4.1 6.6 13. 5 24.2 37.6
1.0 0.6 1.0 1. 5 3.1 5.3 8.6 17.5 31.7 49.6
2.0 0.5 0.9 1.4 2:2 4.t ."-.7. 12.-5 25.3

,. -

0. 3 7.5 13.6 21.0
0.6 1.9 3.3 5.3 10.9 19.6 30.5

75 1.0 0.8 1.2 2.5 4.3 6.9 14.2 25.3 39.8
2.0 0.4 0.7 1.2 1.8 3.6 6.2 10.0 20.2 36.8 57. 5
0.3 11.5 18.0

100 0.6 2.8 4. 5 9.4 16.8 26.0
1.0 1.1 2.-1 3.7 6.0 12.2 22.0 34.4
2.0 . 0.6 1.0 1.5 3.1 5.3 8.6 17.5 31.7 49.6
0.3 15.8

1
125 0.6 4.0 8.2 14.9 23.1

1.0 1.9 3.3 5.3 10.9 19.6 30. 5
2.0 0.5 0.9 1.4 2.8 4.7 7.7 15.6 28.0 44.0
0.3
0.6 . 7.5 13.6 21.0

150 1.0 3.0 4.8 9.9 17.8 30.0
2.0 ' . 0.8 1.2 1 2.5 4.3 6.9 14.2 25.3 39.8
0.3
0.6 6.8 12.4 19.3

175 1,0 2.8 4.3 9.1 16.3 25.3
2 0 1.2 2.3 4.0 6.4 13.1 23.6 37.1

,
0.3

200 0.6 11.5 18.0
1.0 4.1 8. 5 15.2 23.7

. 2.0 1.1 2.1 3.7 6.0 12.2 22.0 34.4
0.3 1 .

0.6 15.8
1.0 7.5 13.6 21.0
2.0 I 1.9 3.3 - 5:3 10.9 19.6 30, 5

Figui.e 25. Suition Line Sizing Chart
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Cond.
Temp.

&iction Temperature
0 5 i 10 15 20 25 30 35 40 45 50

85 1.46 1.36 1.29 1.21 1.13 1.07 1.02 0.97 0.91 0.87 0.8/
90 1:50 1.39 1.32 1.23 1.16 1.10 1.04 0.99 0.93 0.89 0.84
95 1. 53 1.43 1.35 1.26 1.19 1.12 1.07 1.01 0.95 0.91 0.86

100 1. 57 1.47 1.38 1.30 1.22 1.15 1.10 1.04 0.98 0.93 0.88
105 1 62 1 50 1 42 1.33 1.25 1.18 1.12 1.06 1.00 0.95 0.90
110 1.66 1.55 1.46 1.37 1.28 1.21 1.15 1.09 1.03 0.98 0.92
115 1.71 1. 59 1. 50 1.40 1.32 2.24 r. 18 1. 12 1.05 1.00 0.95
120 1.76 1. 64 1.54 1.44 1.36 1.28 1.21 1.15 1.08 1.03 0.97
125 1.82 1.69 1.59 1.49 1.40 1.31 1.25 1.18 1.11 1.06 1.00
130 1 88 1.74 1.64 1. 54 1.44 1.36 1.24 1.22 1.15 1.09 1.03

Figure 26. Cortection Factors for R-12 Suction Lines

Line
Size

Globe
Valves -
Sol.

Valves
Angle
Valves

EU,
Short
Radius

EU,
Long

Radius

Line
Flow
Tee

Branch
Flow
Tee

1. 2 70 24 4. 5 3.1 1. 5 6. 5
5/8 72 25 5. 5 3. 8 2. 2 8.3
3, 4 75 25 6. 5 4.5 3. 0 9.7
7 8 78 28 7. 9 5.4 3. 8 12.2

1 1/8 87 29 2. 8 2. 0 2. 5 8. 0

1 3/8 102 33 3.4 2.4 2. 9 10.3
1 5/8 115 34 3. 9 2. 8 3. 2 12

2 1, 8 141 38 5. 3 3. 4 3. 9 1'6

2 5/8 160 44 6. 5 4. 4 4. 6 20
3 118 185 53 8.0 5. 1 5. 4 25

3 5/ 8 216 65 10. 0 6.4 6. 7 29. 8

Figure 27. Equivalent Lengths for Valves and Fittings

33



An example of sizing a suction line is as follows:

A system using R-12 with a capacity of 25 tons has a suction temperature oi 250
and a condensing temperature of 1150. Find the suction line size if the line is
25-feet long'and contains 3 short radius ells, and one solenoid valve.
SOLUTION:

Referring to figure 26 the correction factor is 1.24.
Corrected tonnage is 1.24 X 25 = 31 tons.
iteferring to figure 25 estimate the size Line to be used so that the equivalent leugiti

for the valves and fittings may be figured. This figure at 30 feet is 2 5/8-inen Line
which will handle 41.5 tons.

Now go to figure 27 and figure the equivalent length of the valves and fittings.
3 short radius ells 19. 5 ft.
1 solenoid valve , 160. 0 ft.
actual length of line 25.0 ft.

204.5 ft.
Refer back to figure 25 and check the line size to be used for the equivalent length

of 204.5 feet. From figure 25 we find that a 200 feet a 3 1 84nch line will carry 34.4
tons and at 250 fee it will carry 30. 5 tons. We can be safe in saying it will handle a
31-ton load.

To check for the proper velocity in the suction line do the following:
Referring to figure 29 find the correction factor for velocity, 1.41.

Corrected tonnage is 1.41 X 25 = 35.25 tons.
Refer to figure 28 and we find that the velocity for a 35-ton load using a
31/8inch suction line is approximately 2300 fpm, which is sufficient for

- oil return.
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Figure 28. Line Velocities
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eon& Suction Temperature
0 5 '10 15 20 25 30 35 40 45 50_Temp.

85 2.06 1.84 1.71 1.49 1.35 1.22 1.10 1.00 0.91 0.83 0.76
90 2.11 1.89 1.75 1. 53 1.38 1.25 1.13 L 03 0.93 0.85 0.78
95 2.16 1.93 1.80 1.56 1.41 1.27 1.15 1.05 0.95 0.87 0.79

100 2.21 1.98 1.84 1.60 1.45 1.31 1.18 1.07 0.98 0.89 0.81
105 i228 2.04 L 89 1,64 1.48 1.34 1.21 1.10 1.00 0.-91 0,83
110 2. 34 2.09 1.94 1.69 1.52 1.37 1.25 1.13 1.03 0.93 0.85
115 2.40 2.15 2.00 1.74 1.56 1.41 1.28 1.16 1.05 0.96 0.88
120 2.48 2.22 2.06 1.79 1.61 1.45 1.31 1.19 1.08 0.99 0.90
125 2.55 2.28 2.12 1.85 1.66 1.50 1.35 1.23 1.11 1.02 0.92
130 2 64 2 36 2.19 1.90 L 1.71 1.54 1.39 1.26 1.15 1.04 0.95

Figure 29. Suction Line Correction Factor

Discharge Lines

'24

The discharge Line must be given almost the same consideration as the suction line.
The pressure drop isn't as critical but velocity must be sufficient to insure oil flow with
the refrigerant vapor. The same velocity pressures as for suctiorf\lines apply to dis-
charge lines: 500 fpm on horizontal runs, and 1000 fpm on vertical rthis, and a maxi-
mum velocity of 4000 fpm.

Pressure drop for discharge lines are a maximum of 4 psi for R-12 systems and
6 psi for R-22 systems.

,--

srzugG DISCHARGE LINES. Charts such as the orick shown in figure 30 are used
for sizing discharge lines. This chart is also based on 40° suction and 105° condens-
ing temperatures. If the unit has other than these temperatures, the tonnage must be
corrected using figure 31.

These charts are set up the same way as the charts on suction lines with the figures
omitted on the left and right of the chart being too low or too high velocity.

Figure 27 is also used on the discharge line for figuring equivalent lengths :or
valves and fittings.

Velocity of the gas in discharge lines are checked by using figure 32 with the ton-
nage correction factor to be used for velocity in figure 33 when conditions are other
than 40° suction and 105° condensing temperatures.

An example of sizing a discharge line is as follows:

Using the same system as with the suction line find the size of the discharge line
if the line is 27 feet and contains 2 short radius ells and one compressor shutoff valve
(angle).
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SOLUTION:

Referring to figure 31 the correction factor is 1.00 so the corrected
tonnage will remain at 25 tons (1. 00 X 25 = 25 tons).

Next, refer to figure 30 to find the estimated line size. Using the 30 feet figure
we find that a 1 5/8-inch line will give a 30-ton capacity.

Now go to figure 27 and figure the equivalent length of the fittings and valves:

2 short radius ells
1 angle valve
Actual length of line

7.8 ft
34,0 ft
27.0 ft

Length
in

Feet

Pres-
sure
Drop

0. D. Copper Tubing .
1 2 578 3/4 7/8 1 1/8 1 3/8 1 5/6 2 1/8 2 5/8 3 1/8

1 0.8 1. 5 2. 5 3.8 7.7 12. 7 21.1 43.2 77. 5 121

20 2 1.2 2.2 3. 6 5. 6 11.1 18.7 30.0
3 1.4 2.7 4. 5 6. 9 13.8 23.1
4 1.7 I 3.1 5.2 8.0 16.0
1 1.2 2.0 3.1 6.2 10. 5 17. 0 34.8 62.5 98

30 2

3
0.9
1.2

1. 7
2.3

2.9
3. 6

4.5
5.6

9.0
11.1

15.2
18.7

24.6
30. 0

50. 5 90. 5

4 1.4 2. 5 4.2 6.5 13.0 21. 8
1 1.7 2.7 5.3 9.1 14.7 30.2 54.0 84

40 2 0.8 1.5 2. 5 3.8 7.7 12.7 21.1 43.i 77. 5 121
3 1.0 1. 9 3.1 4.8 9. 5 16.1 26.0 54.0
4 1.2 2.2 3. 6 5. 6 11.1 18.7 30.0
1 2.4 4.7 8.1 13. 0 26.8 47.4 7 .

2 1.3 2.2 3.4 6.8 11.6 18.7 38.5 69.0 107.0
3 0.9 1.6 2.8 4.2 8.5 14.3 23.2 47.6 85.5
4 1.0 1.9 3.2 4.9 9.9 16.6 26.8 55. 5
1 6. 6 10. 5 21. 5 38.6 60. 5

75 2 1. 8 2.8 5. 5 9.4 15.2 31.2 -55. 5 87. 0
3 1.3 2.2 3.4 6. 8 11.6 18.7 38. 5 69.0 107. 0
4 0.8 1. 5 2. 6 4.0 7. 9 13.6 21.6 44.6 80.5 125. 0
1 9.0 18.4 32. 9 51. 5

100 2 2.4 4.'7 8-.1 13.0- 26.8 47.4 74. 5 '
3 1. 9 2.9 5. 9 10.0 16.1 32. 9 56. 6 92. 5
4. 1.3 2.2 3.4 6.8 11.6 18. 7_ 38. 5 69.0 107.0
1 16.4 29. 5 45. 9
2 4.2 7.2 11.6 23.7 42. 5 65. 6
3 1. 7 2.6 5.2 8.8 14.3 29.4 52. 5 82. 0
4 1. 2' -2.0 3.1 6.1- 10.4 16.7 34. 1 61. 5 96. 0

Figure 30. Tonnage Ratings for R-12 Discharge Lines ,

Cond. Suction Temperature
Temp. 0 5 10 15 20 25 30 35 40 45 50

85 1.17 1.15 .1.14 1.12 1.11 1.10 1.09 1. 08 1.07 1.06 1.06
90 1.14 1.13 1.12 1.10 1. 09 1.08 1.07 1. 06 1.05 1. 04 1.03
95 1.12 1.11 1.10 1.08 1. 07 1.06 1. 05 i 04 1.03 1.02 1. 01

100 1.10 1. 09 1.08 1.07 1.06 1.04 1. 03 1.02 1. 01 1. 00 0. 99
105 1.09 1. 08 1.07 1.06 1. 05 1.03 1. 02 1.01 1. 00 0. 99 0. 98
110 1.08 1. 07 1.06 1.05 1. 03 1.02 1.01 1.00 0.99- O. 98 O. 9ti

115 , 1.07 1. 06 1.05 1. 03 1.02 1.00 0. 99 O. 98 O. 97 O. 96 O. 95

120 1.04 1. 02 1. 01 1. 00 0.8 0. 97 0. 96 0. 95 0. 94 O. 93 0.9
125, 1.02 1. 01 1.00 0. 98 0. 97 0.96 0. 95 0. 94 0. 93 0. 92 0. 91
130 1. 00 0. 99 0. 98 O. 98 0. 96 0. 95 0. 94 0. 92 0. 91 O. 90 O. 89

Figure 31. Correction FactorS for R-12 Discharge.Lines
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Refer back to figure 30 and check the line size to be used for 68.8 feet. From fig-
ure 30 we find that at 75 feet a 2 1/8-inch line will give 44.6 tons at 4 psi pressure drop
or 31.2 tons at 2 psi pressure drop-which is sufficient The next smaller line would
result in too large a pressure drop.

Velocity may be checked in the same manner aS for the suction lines but using fig-
ure 30 for correction factors and figure 26 for velocity.

Correction factor 99 X 25 = 24.75 tons; velocity for a 2 1/8-inch line is approxi-
mately 1700 fpm which is sufficient.

Cond
Temp

Suction Temperature
0 5 10 15 20f 25 30 35 40 45

85 1.43 1.40 1.36
1

1.33 1.30 1.27 1.24 1.22 1.20 1.18 1.16
90 1.38 1.34 1,30 1.27 1.24 1.21 1.19 1.16 1.14 1.13 1.11
95 1.32 1.28 1.24 1.21 1.18 1.16 1.13 1.11 1.09 1.07 1.06

100 1.27 1.23 1.19 1. 16j 1.14 1.11 1.09 1.06 1.04 1.03 1.01
105 1 22,-, 1.18 1.16-4-12 1 09 1.06 1.04 1.02 1.00 0.98 0,97
110 1.18 1.14 1.10 1.0 1.05 1.02 1.00 0.98 0.96 0.94 0.93
115 1.14 1.10 1.06 1.04 1.01 0.99 0.96 0.94 0.92 0.91 0.89
120 1.09 1.06 1.03 i.cb 0.97 0.95 0.93 0.91 0.89 0.8/ 0.86
125 1.06 1.03 1.00 0. 7 0.94 0.92 0.90 0: 88 0.86 0.84 0.83
130 1 03 1 00 0 97 , 0.44 0.91 0.89 0.87 0.85 , 0.83 0.81 0.80

Figure 32. Correction Factor for Ventilation of -R-12 Discharge Lines
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37

300

Cu -OM



Condenser Drain Lines

Clk

.,
This is the line which delivers the liquid refrigerant from the condenser to the

receiver. This line must be carefully sized. An undersized line will cause liquid to
build up in the condenser, raising the head pressure and decreasing the efficiency and
capacity of the system. This line must be as short as possible and the condenser must
be installed above the receiver.

SIZLNG CONDENSER DRALN LINES. Charts such as the one shown in figure 34 are
used in sizing condenser drain lines. This chart also shows the minimum height (in
inches) that the conlenser must be above the receiver. Where there is a blank space it
means this combination of length and pipe size is not recommended.

.. .

Length
in

Feet

O. D Co ser Tubi
2 a 3 4 7 8 1 1 8

Tons j Tons Ht. Tons Ht. Tons Ht. Tons fit.
'0 1. 1",

12. 5
12an
19

75
IGO
150 . . 11. 5
200

Length
M

Feet

O. D Copper Tubi
1 3 2 1 5/8 2 1 8 2 5 8 3 1 8

Tons Ht. Tons Ht. Tons Ht. Tons Ht. Tons Ht.
50 13. 5 9 1 35. 5 8 66. 5 7 109 6' 165 5
75 22.0 12 i 33.5 11 62. 5 9 104 8 156 7

100 20.0 14 1 31. 0 13 59.0 11 98 9 14'7 9
150 18.5 1'7 29.0 16 55. 0 14 91 12 138 11
200 50. 0 16 84 14 129 13

Figure 34. Tonnage Rating for R-12 Condenser Drain Lines
%.

This chart is for standdrd conditions of 400 suction and 105 condensing tempera-
tures. Correction factors f )r. other than these conditions are the same as for liquid
lines covered in figure 36.

. .=
. .

Procedures for sizing this line are the same as the other ithes. Velocity does not
have td be checked becauazthe oil is easily carried by the liquid refrigerant.

t

Liquid Lineq

This line is the least critical in the syStem. The refrigerant is in the liquid stte
so the oil is carried along with no problems. Pressure drop is not critical but mugt be
held at a reasonable value to prevent flash gas in the line. Pressure drop should be
held at approximatel 2 psi for R-12 and 3 psi for R-22 systems. Velocities should be
held below 300 fpm to prevent liquid hammer and noise caused by solenoid valves.

*
SIZING LIQUID LINES. Figure 35 is an example of a chart used to size liquid linel._

This cha.rt is based on 400 suction and 1050 condensing temperatures. Correction fac--,..
tors for tonnage are found in figure 36 for other than these conditions.

..
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Length
In

Pres-
sure 0. D. Copper 1Nibing

Feet Drop 1:2 5,/8 3,4 7/8 1 18 1 3/8 1 5/8 2 1,"8 2 5/8 3 1 8
0.3 1.1 2.2 3.7 5.8 11.9 20.7 32.9 69.0 123 195

50 046 1.7 3.2 5.2 8.5 17.4 30.2 47.9 101 177
1.0 2.3 4.0 7.3 11.3 23.1 40.3 63.5
2.0 3.3 6.3 10.7 16.5 33.9 *
0.3 0.9 1.7 2.9 4.7 9.6 16.5 26.3 55.0 100 156

75 0.6 1.3 2.6 4.4 6.8 13.9 24.3 38.3 80.5 143 229
1.0 1.8 3.4 5.8 9.0 18.5 32.2 51.0 106.0 187
2.0 2.7 5.0 8.6 13.2 27.2 417_1 74.0
0.3 0.8 1.5 2.5 3.9 8.1 13.8 21.7 46.2 83.5 132

160 0.6 1.1 2.2 3.7 5.8 11.9 20.7 32.9 69.0 123.0 195
1.0 1.5 2.9 5.0 7.7 15.8 27.7 43.4 90.5 161.6 258
2.0 2,3 4.0 7.3 11,3 23.1 40.3 63.5
0.3 0.7 1.3 2.2 3.4 7.1 12.1 19.4 41.0 74.0 117

125
0.6
1.0

1.0
1.4

1.9
2.6

3.2
4.4

5.1
6.8

10.3
13.0

17.8
24.3

28.3
38

59.5
80.5

107.0
143.0

170
229

2.0 2.0 3.8 6 4 10.0 20.4 35.6 5 118.0
0.3 0.6 1.2 2.0 3.2 6.6 11.3 8.0 37.8 69.0 107

150 0.6 0.9 1.7 2.9 4.7 9.6 16.5 2 . 55.0 100.0 156
1.0 1.2 2.3 4.0 6.2 12.6 22.0 34.9 ,73.0 131.0 207
2.0 1.8 3.4 5.8' 9.0 ''''18 5 '2,2.2 51.0 '1 6.0 187,0
0.3 0.6 1.1 1.8 2.6 5.9 10.1 16.1 34.2 61.5 96.5

175 0.6 0.9 1.6 2.7 4.2 8.6 14.8 23.6 49.4 89.5 142
1.0 1.2 2.1 3.5 5.7 11.6 20.2 32.1 67.0 120.0 190
2. 1,7 8.1 5,4 '8,3 17,0 29 4 46.6 98,0 132,0 278
0.0 0.5 1.0 1.7 2.6 5.5 9.4 14.9 31.9 57.5 90.5

200 .
0.6 0.8 1.5 2.5 3.9 8.1 13.8 21.7 46.2 83.5 132
1. 1.0 2.0 3.3 5.2 10.8 18.7 27.6 62.0 112.0 177
2, 1.5 2.9 5.0 7,7 15.8 27.7 43.4 90.5 161.0 258
0.3 0.5 0.9 1.5 2.3 4.9 8.3 13./3- 27.8 51.5 80.5

250 0.6 0.7 1.3 2.2 3.4 7.,1\ 12.1---49.4 41.0 74.0 117
1.0 0.9 1.7 2.9 4.7 9.6 ) 16.5 26.3 55.0 100.0 156
2.0 1.4 2.6 4.4 6.8 13.9 23 38.3 80.5 143.0 229

Figure 35 Tonnage Rating for R-12 Liquid Lines

Cum!. Suction Temperature
Temp. 0 5 10 15 20 25 30 35 40 45 50'

85 .99 .98 .97 .96 .95. .94 .93 .92 .91 .90 .89
90 1.01 1.00 , 99 .98 .97 .96 .95 .94 .93 .92 .91
95 1.04 1.03 1.01 1.00 .99 .98 .97 .96 .95 -94 .93

100 1.06 1.05 1.04 1.03 1.02 1.01 1.00 .99 .98 .97 -96
105 1.09 1.08 1.07 1.06 1.04 1.03 1.02 1.01 1.00 .99 .98
110 1.12 1.11 1.10, 1.08 1.07 1.06 1.05 1.04 1.03 1.02 1.01
115 1.16 1.15 1,13 1.11 1.10 1.09 1.08 1.07 1.05 1.04 1.03
120 1.19 1.18 1.16 1.15 1.13 1.12 1.11 1.10 1.0_6 1.07 1.06
125 1.23 1.22 1.20 "1.18 1.17 1.15 1.14 1.13 1.11 1.10 1.09
130 1.27 1.25 1,44--..1.23 1.21 1.19 1.17 1.16 1.15 1.14 1.12

Figure 36 Correction Factors for R-12 Liquid Lines
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The figures omitted on the right side of figure 35 are for velocities above 300 fpnl.This chart is used in conjunction with figure 27, Equivalent Length of Valves and Fittings,to compute the line size. Sizing is accomplished in the same manner as the other lineswith the exception of the velocity check.

Summary

No matter how large the other parts of a refrigeration system are, its Overallcapacity is the capacity of the smallest,part. A mistake in selection or installation Ofthe piping could easily reduce a 100,000 B u unit to a 30, 000 Btu unit. The tables andcharts presented contain the necess y d a to do the calculations quickly and,easily toselect the proper size lines for any capacity unit.

References:

1. Textbook; Modern Refrigeration and Air Conditioning . Althouse, Turnquist,Bracciano
2. Textbook; Trane Refrigeration Manual.
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DOMESTIC HERMETIC SYSTEMS

STUDY ASSIGNMENT, Modern Refrigeration and Air Conditioning; Paragraphs 10-1
through 10-15, 8-26 through 8-31, figure 8-75, paragraphs 7-44 through 7-58, chapter
11, and chapter 12.

STUDY NOTES

Paragraph 10-1.

Hermetic units have been on the market since 1926. Once you learn their construc-
tion you will find they are as easy to service as open units.

If you will recall the compressor designs studied in earlier units, you will find they
are the same ones used in hermetic systems in this unit. Static or natural condensers
are popular in some domestic cabinets, while fan-cooled are popular for units having
large frozen food compartments.

Paragraph 10-2.

The typical hermetic system may use either of the above condensers. The refrig-
erant control is usually a capillary tube. It can maintain two temperatures, one in the
frozen foods compartment of 50 F or lower, and a temperature of 350 to 450 F in the
provisions compartment. Various methods are used to obtain controlled temperatures
in each compartment.

Paragraph 10-3, 4.

The no-frost refrigeration system is one of the most popular types of cycles. This
system is dependent upon the use of forced air passing over a finned evaporator and
then across the food to be cooled or frozen.

Paragraph 10-5, 6.

Domestic units, both the combination freezer and refrigerator or the separate food
freezer use either a reciprocating or rotary compressor of hermetie design.

Paragraphs 10-8, 9, 10.

Some forced convection evaporator coils use a fan to control the temperature of the
food compartment and the freezer compartment. In this type of arrangement the two
systems are separated and insulated from gach other. A duct system is used in both
compartments to provide a frost-free unit. Some units use a fan in both compartments.
The liquid and suction lines of domestic units may be made of copper, steel or alunimum.

Paragraphs .10-11 through 13.

The eleclkal units on all domestic units are,similar. ,The main wiring consists of
a plug-in cord, thermostat, relay and motor. The relay is usually used as a junction
box, the thermostat is connected in series with the motor, the light switch and light are
parallel with the motor. If the condenser is of forced convection, the motor is in series
with t,he thermo tat and parallel with the compressor motor.
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Go over the wiring diagrams in the textbook carefully. If you ever have to replace
wiring keep the same color coding if possible.

Paragraphs 8-26 through 8-31 and figure 8-75.

Here is valuable information you should know. Careful study of this material and
paragraphs 7-44 through 7-58 will enable you to overcome the many difficulties you may
encounter in servicing electrical components.

Chapter 11.

Today after years of development and research, the domestic systems\abinet is an
artistic and technologi-ally developed appliance. It has a minimum of waste space
inside, it is a marvel of reliability, the hardware never seems to wear out. The exterior
is attractive and the interior places items readily at hand. Although the material
presented is quite lengthy, it will be of great benefit to you in the proper maintenance
of these units.

Paragraph 12-1,.,

Good workmanship can only be done with tools of godd quality which are in good
condition. These tools must be used in the proper way.

Paragraphs 12-2 through 6.

It is important that you become familiar with the units you will be called upon to
service. Most refrigerators have a data plate and wiring diagram on the back of the
cabinet. The nameplate usually contains the following information;

1. Manufacturers name

2. Type and amount of refrigerant

3. Model number

4. Serial number

5. Electrical data

When servicing, many times it will not be possible to obtain an original part.
Relays, thermostitgi capacitors, etc.all usually have identifying numbers. Cross-
reference manuals printed by manufacturers are an invaluable aid for making substitu-
tions.

Paragraphs 12-7 through 9.

One of the most important things to remember when you are looking for trouble in a
system, is to use a systematic approach and analysis. Train yourself tp do trouble-
shooting slowly and thoroughly. Trial and error, hit or miss methods waste time and
mOney. ,Study the troubleshooting chart carefully. It gives many typical complaints
and what should be done for each.
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Paragraphs 12-10 th;ough 17.

These paragraphs cover many of the service operations to be done on domestic
systems, such as adding refrigerant, oil, driers, etc. Also covered are component
replacement and repair and the methods of gaining access to hermetic systems.

Paragraphs 12-18 through 12-47.

Carefully study the material presented. It proviles the guidelines you will need,
to perform the many and varied services of the domatic refrigeration portion of your
specialty.

SUPPLEMENTARY INFORMATION

CONSTRUCTION FEATURES OF DOMESTIC REFRIGERATORS

Insulz.tion

Any substance that retards the flow of heat may be used for hisulafing purposes.
A great number of substances have been used for insulation in domestic refrigerators.
Fiberglass and foamed plastic are the most widely used today.,
yapor BarrieF

Condensation of moisture occurs on any surface that is at a temperature below the
dewpoint of the surrounding air. However, we must keep moisture out uf the in:ulated
space between the inner and outer shell. This is particularly important around the
freezing section. Several substances are used for this, lxit the most important one in
domestic boxes is plastic. The plastic is placed in such a way as to stop the water
-.rapor in the air from getting to the cold surface. The suction line is often insulated
with an insulating tape. The holes where the refrigerant and electrical lines go through
the box are usually stuffed full of a soft, putty like substance known as permagum. An
odorless tar is often spread over an area or surface to prevent vapor transmission.

Door

The modern refrigerator may have either one or two doors. These doors are de-
signed to cover the entire front of the refrigerator. The inside of the door may be re-
cessed for small shelves. The inside panel is made of plastic. Since the panel is of
lightweight material-, itaids in reducing the total weight'of the door. The plastic panel
is designed to aid in keeping fhe door from warping,
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Breaker Strip

The breaker strips, see figure 37,
pieces oi plastic that cover the space be-
tween the inner and outer shells. Each
manufacturer Installs the breaker strips
in different manner. Some use screws,
some use clamps, while others snap them
in. Since breaker striRp are made of
plastic, they becomerittle when/cold and
will break easily. BEore attempting to
remove a breaker strip allow it to warm.
Before installing a cold breaker strip,
dip it in warm water. This will./ make it
soft and pliable and reduce the possibility
of breakage:

Mullion aters

The mu ion heater:see figure-37, is a
strand of h h resistance heater wire
atta ed a strip of aluminum foil. The
mullion heater is installed around the doors
under the breaker strips. When the box
is plugged in, electricity is applied to the
mullion heater. The henter gets hot, and
adds enough heat to the/area around the
door to reduce sweating or freeziing. A..
mullion heater is particularly important
around the door to the freezer. If the
mullion heater fails moisture will con-
dense around the door and the door will
freeze shut.

Condensers

I ,..

"sr.-.Crs
MR--I -

The condensers in domestic refrigera-
tors are usually made of steel and are one
of the,Jollowing types: plate finned (forced Figure 37. Mullion Heater and Breaker
.convection), coiled tubing with a wire frame, Strip

iled tubing mounted on the instde of,
the rfrigeratoshell. In the past fewyears, several Ma.nufacturers have built the con-
den r as an integral part of the outside wall. From a viStial standpoint, it appears that
die .unit does not have a condenser. However, let the unit operate for 30 minutes, and
then put your hand on the outside of the box. The hot area will indicate the exact loca-
tion of the condenser.

Refrigerant C ontrol

AL modern domestic refrigerators u,se a capillary tube refrigerant control. This
cOntrOl is simple, economical, and allows the use of a low torque motor. One end of .

the capillary tube is attached to the bottom of the condenser. There may be a strainer,
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=tailed between the condenser and capillary tube. The capillary tube is soldered to the
suction line, and it terminates in an expansion chamber at the top of the evaporator.

PRINCIPLES pF OPERATION. Liquid refrigerant with a pressure of 120 to 140 psig
and a temperature of 90 to 120'F enters the capillary tube. (Pressures and temperatures
are approximations.) As the liquid travels through the capillary tube, its pressure is
reduced by the resistance to flow in the tubing. At the same time, its temperature is be-
ing reduced 13y the cold suction line. These two forces continue to act on the liquid refrig-
erant as it proceeds through the capillary tube. However, the pressure is reduced (com-
paratively) faster than the ternperature. At some point (usually within the last 12 to 24
inches) the pressure of the liquid refrigerant "flashes" or boils. The vapor occupies
more space than the liquid so the pressure is again increased. The temperature of the
refrigerant is decreased by both the flashing of the liquid and by the contactwith the cold
suction line. The point where the flashing first occurs at the end of the capillary tube is
known as "vaporlock."

All_capillary cubes have a vaporlock. The length of the vaporlock depends on a corn-
bmation of the following factors: (1) condensing temperature, (2) condensing pressure,
01 amount of subcooling of the liquid in the condenser, (4) tempe'raaire of the suction,
t5, pressure difference between the low and high' side, and (6) the length and diameter of
the capillary tube. ;-

Thermostat
The thermostat, see figure 38 used on normal refrigerators is a factory adjusted

item with a set differential of approximately13° and an adjustable range. At the highest
setting the evaporator temperature may be 100 and at the lowest setting -200F. The
thermostat is usually installed in a location convenient to the user with the thermal bulb
clamped to the evaporator.

44e

Figure 38. _Thermostat
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Evapc,rator

The evaporators used in domestic refrigerators must be rugged, functional, and
attraotive. Frosting-type refrigerators usually use a ,looded-typc evaporator or a plate
with aluminum aibthg attached t,) the back. Veri, often you will find a refrigerator that
uses a ,)1a ? evaporator with a preformed refrigerant coil in the freezer section and a
regular flooded type evaporatorin the refrigerator section. These plate-type evaporators
are n_orrnally made at alununum. Home freezers often use an evaporator that is composed
of coiled aluminum tilbing crisscrossed with i,teel or aluimnum wire.
Door Gasket

Domestic refrigerators have a synthetic riibber or flexible plastic gasket around thc
door. This gasket Dr seal is desrgned to Make an airtight seal between the door and the
refrigerator body. Door seals usually last from five to seven years. It is always best to
replace d.)or seals with an exact like item. However, this is not always possibl,.... Some-
t rnes vou w:n find it necessary to use a general repiaceme.it seal.

CCLD STORAC-E--
REFRIGERATOR COMBECATIONS

During the initiai dei.ielopment of Cie
domestic refrigerators, the freezing section
was very small. It would hold two or three
Icc--cube trays and that was about all. The
_customer demanded more an ' more freezer
space until sorne boxes are one-third freezer
space. Tile freezer space must be maintainer'.
at approximately 0°F while the refrigerator
section is approximately O to 50°F. Several
methods have been employed to m: intath these
two ;.eraperaaire ranges withth the same box.

Two-Terrperature Refrigerators
The air spillover, see figi, re39, is the old-

est method used to maintain two different temp-
eraaires: The cold air that flows or spills over
the frozen food compartment c-)ols the r ,gular
refrigerator space. Tl-is system has disadvan-
tages. During periocls of light usage, the temp-,
erature )f the refrigeratoi space will become
too cold. During the periods of heavy usage.
the temperature will be too high; and there will
be ,an excessive builciup of frost on the
evaporator. .

The refrigerant spillover is the second
type of two-temperaaire refrigerator, see fig-
ure40. Inthls system the aibing, evaporator
size. /and the refrigerant charge are very crit-
ical:eT,he liquid refrigerant goes to the coldest
evaporator first. If this area needs'refrigera-
ton, all_the refrigerant is vaporized, and the
vapor is superheated in_ the second evaporator
before going to the compressor. When the
first evaporator is satisfied: the liquid will
spill over into the second evaporator and be
vaporized there. An accumulator at tie end of
the, coldest evaporaior aids-in keep the re-
frigerant from spilling over too s
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Figure 39. Air Spillover

,
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CONOEkSER

COMPRESSOR

rigure 40. Refrigerant Spillover System
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The metered chilled air system is used
on modern "no-frost" refrigerators. It
utilizes a finned, forced convection evap-
orator that is located in the frozen food
compartment, see figure 41. A fan forces
the air over the evaporator coil and over
the food in the frozen food compartment;
A critically sized duct runs from the evap-
orator to the fresh food compartment.
Therefore, a metered amount of cold air is
forced through this duct into the fresh food
compartment. This air is very cold and is
usually directed toward the top or sides of
the box. If this cold air is allowed to strike
a product directly, the product will freeze.
Small holes permit the air to return from,
the fresh food compartment to the freezer
compaltment. It is necessary to use some
form of automatic defrost on this system.

FAN

;

Figure 41.

COND

Metered Air System

Since the thermal bulb is not attached to the e orator, it senses air temperature
only. Most manufacturers place the thermal bulb in the freezer compartment; however,
others place it in the fresh food compartment.

Atrflow

The freezer air is draWn into the return air duct, seefigure42, at the front of the
freezer. It passes to the rear between the divider and freezer bottom. It is then drawi
Upward through the evaporator and discharged into the freezer section. The sensing ele-
ment of the thermostat is located at the rear at the freezer air return duct.

F AN COVERS

FREEZER
AIR R E TURN

STYROFOAM
DIVIDER// REF AIR
RETURN

=;
OFFFUSAERR

Figure 42. Airflow in a No-Frost Refrigerator
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The refrigerator air is drawn into the refrigerator air return duct at the top andfront of the refrigerator section. It passes to the rear of the section petween the styro-foam divider and the top of the refrigerator section. It is drawn upward through thecooling coil and discharged into the fan cover by the fan. Part of the air that is dis-charged into the fan cover is directed into the refrigerator air duct, which is mountedon the insulation side of the liner. The air then passes down the duct and enters the re-frigerator section through the air diffusers, which distributes the p.ir throughout therefrigerator section. The amount of air entering the refrigerator is carefully balancedwith the amount of air entering the freezer to achieve proper temperature in both sections.

HERMETIC COMPRESSORS GENERAL

Modern domestic refrigerators use a hermetic compressor. These compressorshave some outstanding advantages over open-type.units. One advantage is that the corn-pressoi motor assembly is much lighter and somewhat stronger. Strong foundationsfor mounting the heavy open-type compressors are completely eliminated. The fasteroperational speeds reduce the need for size in the hermetic compressors. The motorand compressor are connected to the same shaft and are positioned as close together aspossible. This feature eliminates /he bulkiness of the open-style system where the motorand compressor were set apart and driven by V-belts. The,most important advantageof the hermetic unit is that the ever troublesome shaft seal is completely eliminated.The elimination of 'he shaft seal was the prime reasori for the hermetic-type compressor.

The hermetic design allows the motor and compressor to be enclosed in a housingthat is airtight: -Moisture, dust, grease, and all foreign particles are.sealed cut whichallow the assembly to operate free of these dishirbing elements. As a result, the unitfunctions at full rated capacity for a longer period of time.

Hermetic compressors operate more gully-than the open style. Any sound orig-inating in the compressor or motor must first pass through the refrigerant vapor withinthe housing. It must then be transmitted through the steel casing before it can reachthe outer area. Therefore, the noise is greatly reduced. Vibrations are almost elimi-
nated due to the rapid cycling of the high speed unit which tends to smooth ait larger
pulsations. The complete assembly is usually mounted on springs or rubber shock
absorbers that dampen out any vibrations that might Of iginate from up. assembly.

As a unit, all the advantages previously discussed indirectly result in an efficienr%
that makes the hermetic unit superior to other types.

Hermetic units have two main disadvantages. They are not easily serviced in thefield: and, in case of Motor burnout, the complete system becomes contaminated.

Types of Hermetic Compressors

There are two types ,of hermetic *compressors: the reciprocating and the rotary.
The reciprocating compressor is the most popular compression system for all sizes ufhermetic untts. However. it has more parts and, therefore, costs more to manufacture
than the rotary t-pe. Except in very small sizes, the rotary compressor is not as effi-
cient as the reciprocating, therefore, the principal use of rotary compressors is inlomestic refr.gerators.
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Classification of Hermetic Compressors

Hertreqk compressors are normally classified under-one of the following main
headings:

Accessible isemihermeti,-:)..rhese compressors are normally fitted with service
valves. They can be serviced in e field to the extent of replacing the valves, valve
plates, pistons, rods, and rewinding the motor.

Se aled (internally shock-mounted). Internally shock-mounted compressors need
ver little external shock mountmg. A small rubber grommet around the mounting
bolt is necessary.

Sealed (externally shock-mounted). The compressors must be spring supported
Or mounted on large mounting pads.

Design Characteristics

Reciprocating hermetic compressors have different design characterisitcs. These
characteristics and some pertment information concerning them are listed below. The
crankshaft is mounted either vertically or horizontally. There are also three different
shaft designs: cranks, eccentrics, and the scotch yoke.

METHODS OF LUBRICATION. Hermetic compressors are lubricated by one ef
the following methods: splash, flood, or forced feed systems. The splash system is
used almost universally in fractional-horsepower units. The bearing clearance must
be large enough so that the oil can enter the bearing easily. The large bearing clear-
ances plus the Splashing effect of the dippers in the oil cause these compressors to
produce a little more noise than other types. The splashing at high speed induces oil
foaming and pumping. The flooded system includes all types of devices that lift the oil
up and allows it to flood (run down) over the bearings, pins, and surface areas. The
oil is not agitated as violently as with the splash system which results in quieter oper-
ation and less oil pumping. This system is often used in air-conditioning compressors
The forced feed system uses a pump to force the oil through drilled passages to the
bed.rings. The bearmgs can be closely fitted resulting in very quiet ope-ration. Thig
type of system is used in large high-speed compressors.

MOTOR COOLING. The cooler an electric motoroperates. the more power it will
produce. Therefore, it is imperative that thb motor in a hermetic compressor be kept
as cool as possible. Hermetic compressors are normally cooled by one or more of the
folloving methods: suction gas cooling, air cooling, or oil cooling. The suction gas
is directed around the motor before it goes to the cylinder. There may be a fan inside
the shell that aids in forcing the cold gas arcund the motor. Air is used to cool her-
metic compressors by both natural and forced convection. Some compressors have'"
external fins that aid in heat transfer. Some domestic refrigerators have a separate
oil cooler circuit that cools the oil in the compressor. This is usually accomplished
by passing the discharge gas through an oil cooler circuit, desuperheating it, and then
returning it to the compressor where it picks up heat from the oil before going to the
condenser. see figure 43.
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COMPRESSOR

SUCTION INTAKE

DISCHARGE LINE

2

EVAPORATOR

SUCTION LINE

MOTOR

CAPILLARY TUBE

CONDENSER

4IL COOLER CIRCUITVI
CYLINDER AND PISTON OIL COOLER --la

Figure 43. Oil Cooler Circuit

Termcnal Arrangement

Hermetic compressors employ two types of single-phase motors, the split phase
and the capacitor start. On the housing containing the motor and compressor, you will
find three terminals which connect to the start and ruewthdings. These terminals are
commonly referred to as the run, start, and common terminals. Some of the possible
terminal arrangements are illustrated in figure 44.

©COMMON

© START

©RUN

COMMON

©COMMON

©START

© RUN

©
COMMON START RUN

"0 8 0
RUN START COMMON

COMMON

Figure 44. Possible Terminal Arrangements
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2-6
One major manufacturer of hermetic compressors always installs the terminals

in the order: common, start, and run. The terminals are then read just as you read

a book. See figure44. Start at the top left-hand corner and read each line from,left to

right.

Sometimes the compressor terminal arrangement is not known. Then it becomes

a problem to determine just which is the common, start, and run. To be able to cor-

rectly wire the system or replace the starting relay, the terminals must be known. One

method is to measure the resistance across the terminals. Then by deduction, find the

R. S. and C terminals.

PROCEDURE. The first step is to number the terminals. The second step is to

measure the resistance -across the terminals. This requires three readings, one
acrosg each set of terminals, see figure

16 fl 2 OHMMETER

Figure 45. Taking Readings Across Terminals

The highest reading obtained will indicate the strt and run windings because it is

a measure of the resistance in both windings.. .This will immediately identify the other

rminal as being the common. The next higher reading will identify the start and the

er reading will identify the run terminal.

Use the following procedure, .in the sequente listed, to measure the resistance:
Use an ohmmeter to take a reading between terminals 1 and 3, see figure 45.4n this

case,it is 16-ohms. Take a second reading between terminals 1 and-2. In this case

it is 12 ohms. Take a third reading between terminals 2 and 3. In this case it is 4

ohm's.

Terminal readings:

1 and 3 ='16 .

1 and 2 =PIS'
2 and 3 =
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The highest reading obtained wias between terminals 1 and 3 so we can say thatthese terminals are the start and rih terminals. This means that termirral 2 has to bethe common terminal. To determine which is the start and run terminals, observe thereading from the common terminal (terminal 2) to each of the other termbials. Thehighest of these two readitigs indicates terminal 1 is the start and the lower reading toterminal 3 indicates it is the run terminal.

This procedure also tells ycu if your motor windings are go . The two lowerreadings obtained (12 and 4) hould equal the larger reading (16). If they don't it meansthe windings are cross-shor d and the compressor motor is not good.

STARTING RELAYS

A hermetic compressor normally uses an induction motor with two windings: a
starting winding and a running winding. This arrangement requires sometype of switch
to automatically disconnect the starting winding as soon as the motor reaches approxi-
mately 3'4 of rated speed. This automatic function is performed by a switch known as
a starting relay,

Current Relay (General)

Current relays operate on the principle that current draw of a motor is always bigh-
est at slow speed. The current relay, see figure 46, is in reality a normally open sole-
noid operated switch. Dtiring the off cycle, gravity holds the switch open. At the mo-
ment the unit turns on, current flows through the running winding and the coil in the
solenoid. Since the motor is at rest, the current flow is very high,

TO LINE
4 COMMON

TO MOTOR CONTROL
4

f.--

RUN

START

MOTOR

Figure 46. Current Relay Schematic

The coil is heavily magnetized and overcomes the force of gravity.. The contact points
move up and cbmplete the circuit to the start winding. (current is already flowing
through the run winding.) With current flowing through both the run and start windings.
the motor develops enough torque to start the compressor.

When the motor reaches approximately three-quarter of rated speed, the counter
emf (electromotive force)produced in the motor reduces the flow of current. The coil
is now demagnetized, and the force of gravity opens the solenoid switch and stops the
flow of currant to the start windings. The motor continues to operate on the run
windings. '

ADVANTAGES. Current relays are smaller and Lheaper tan potential relays.
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DISADVANTAGES. The points opeh at high current flow resulting in considerable

electrical arcing, causing pitting of the points.

APPLICATION. Current relays are used on small low torque motors. Current
relays are usually used on fractional horsepower units that use a capillary tube refrig..
erant control. These relays must be installed so that gravity will hold the points in the
open position.

Type I Current Relay

A wiring diagram of a'water cooler using an open coil current relay is_illustrated
in figure 47. rhe solid lines are the electrical wiring tofinections. The dashed lines
are the intrn l connections between the compressor terminals and motor windings.
Study Milan ram until ycu understand it thoroughly. Locate and identify each compo-
nent and electrical connection illustrated in this diagram.

COMPRESSOR
WINDINGS

r-

OVERLOAD

STARTING I-1
CAPACITOR

L J
sr- 1?

COMPRESSOR TERMINALS

.
PLUG-IN CORD

-.+0 0 1

CO
CON ROL

CURRENT RELAY

? Figure 47. Wirmg Diagram (Open Coil Relay)

OPERATION. When the thermostat closes, current flows from the plug-in cord to
terminal "L" on the relay. At this moment, two circuits are completed.

Condenser Fan Circuit. Current flows from termiiial "L" through the condenser
fan to terminal 3 on the overload. From terminal 3 the current returns to the plug-in
cord. The condenser fan is now operating.
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Compfessor Circuit. From terminal "L" the current flows through the coil in the
relay to terminal "M." From terminal "M" the current flows to the compressor tiLani-
nal "R" tt:Yough the run windings to compressor terminal "C." From terminal Cff.'
current flows through the overload and back to the plug-in cord, The high current flow-
ing through the motor magnetizes the coil in the relay and completes the circuit from
terminal "L" to terminal 'S." Current flows from terminal ."S" through the start capac-
itor to compressor terminal "S." From terminal "S" current flows through the start
winding to compressor terminal "C." From terminal "C" the current flows through the
overload and back to the plug-in cord. At thirnoment the motor starts. Then current
flow through the coil is reduced allowing the solenoid switch to open. Now the motor
operates on the run winding only. All the current going through the compressor wind-
mgs must pass throligh the overload. However the current going to the condenser fan
does not go through either the relay or the overload.

CONDENSER
FAN

COMPRESSOR
WINDINGS

PLUG-IN CORO

COLD
CONTROL

_ 1.

STEEL CORE

Figure 48 Wiring Diagram (Enclosed coil Relay)

Type II Current Relay

Figure 48 illustrates an enclosed coil current relay. This relay,differs from the
open coil in three ways. (1) the complete relay is enclosed, (2) the coil is below the
contact points instead of above them, and (3) the relay contains a movable steel core.

Shidy the wiring diagram until you are thoroughly familiar with it. The electrical
cormection on most of these relays come with the run and start leads attached,

OPERATION.. The operation of the Type II relay is very ch like the Type I relay
with the following exception: The contact bar rests on a very light which in turn _

Thrests on a steel core. is whole contact assembly is mou aroU d bat not attached
to a stationary bar that rung completely through the relay. The contact assembly is
free to move up and down. Normally it is in the down position (due to gravity) and the
points are open. At the starhip the coil becomes highly magnetized. The steel core
moves up pushing thf spring and contact bar up closing the contact points. When the
motor reaches approximately two-thirdib to three-quarters of its rated rpm, the coil inr

crnetized, the core drops down, and pes the contact points.
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Hot Wire and Thermal Relays

Ther'ee ave two types of relays that work on the principle that it takes time for elec-
trical current to heat a conductor and that heat makes metal expand or move. These
relays are used in the same type of application as current-relays. -

HOT WIRE RELAY.' This relay opAates on the principle that electFicity passing
through a conductor produces heat and makes metal expand. Figure 49 illustrates aN
typical hot wire relay installation.

// Figure 49 Hot Wire Relay/
The contact points at /v1 and S are normally closed. When the motor control closes,
current flows from the line to terminal 1 and up to terminal L. The current flows from
terminal L down the hot wire and throtigh internal mechanism, to the M and S contact
points. From there it flows through both the run and start windings and out the common
terminal to the line. At this moment Current is running through both the run and start
wthdings and the motor starts. At startup, 'there is a large current flow through the

hot wire. The hot wire gets hot and expands. This small increase in length allows the
internal mechanism to move enough to open the start contact points. This stops the flow

-of current through the start windings hit the motor continues to operate on the run wind-
ings. If the current,flow through the run windings becomes excessive, the hot wire will
again increase in length, and the internal mechanism will move enough to openM con-/ ,tact points and stop the motor.

Hot wire relays have been used on a great number of dOmestic refrig.erators in the
past. However, at the present time most manufacturers are using the ctirrent relay
because it th smaller, and less troublethome.,
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4 ERMAL RELAY. The thermal relay, see figure 50, operates on the principle
that a b necal element will bend when heated. With che thermostat open, both contact

i points are closed. When, the thermostat closes, current comes m terminal L and goes
out both terminals M and S. The compressor is at rest, so there is a large current flow
through the heater and the left-hana bimetal strip. The bimetal strip gets hot and moves
to the right, opening the contact points. The start windings are cut out of the circuit.
and the compressor continues to operate on the run windings. There is enough curi ent
gomg through the run windings to keep the heater hot enough to prevent the bimetal strip
from returning to its original position. When the thermostat, opens, the heater will
cool ()ff.-and the bimetal strip will return to its original position.

.4

s.

The overload protection is provided by the right-hand bimetal strip. During nor-
mal operation, the right7hand contact points are closed. High current flow will heat the
bimetal strip, and it will move to the left, opening the contact points. As soon as the
bimetal strip cools off, it will return to its original position.

Potential Relay

'if
ADJUSTING SCREWS

COLD
CONTROL

Figure 50 'Thermal Relay
T1,

When a motor is operating, the run winding induces a voltage into the start winding.
ThP potential relay, see figure 61, uses.this induced voltage to open the points in the
relay when the motor reaches approxhrrately two-thirds to three-quarters of rated rpm.

:

I .
56

,2'---, t)

Ai.

.,

,

2402.

.



31(3
When the compressor is on the off cycle, the contact points in the relay are closed.

When the motor control closes, see figure 51, electricity flows from the line to terminal
4. From terminal 4, current flows simultaneously through three individual circuits:
the run circuit, start circuit, and condenser fan circuit.

4 TO LINE

OVERLOAD

TO LINE4
MOTOR

CONTROL

POINTS 4 AND 6 ARE
DUMMY TERMINALS

i

COMMON

POTENTIAL

4.
RELAY RUN

6

.4...,

START CAPACITOR

START

CONDENSER FAN MOTOR

Figure 51. Potential Relay

RUN CIRCUIT. Current flows from terminal 4 through the run winding, out the
comAion terminal, through the overload and back to the line.. s

4

START CIRCUIT. Current flows from terminal 4 throg the start capacitor to
terminal 1. From terminal 1 the current flows through the co tact points (that are
spring-loaded closed) to terminal 2. The coil in the solenoid c nsists of several hun-
dred turns of very fine wire; therefore, it has a very high resistance. There is much
less resistance in the start windings, so the current takes the path of least resistance
and goes through the start windings and out the common terminals to the line.

CONDEN AN CIRCUIT. Current flows from terminal 4 through the condenser
fan motor, torn,knal 3 on the overload and back to the line.

, X

s
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When the motor control closes, the compressor motor starts because current is
flowing through both the start and run winding. When the motor reaches approximately
two-thirds to three-quarters rated rpm., the run winding induces a voltage into the start
winding. This induced voltage is incopposition to the applied voltage. Therefore, the
resistance in the start winding is increased. As soon as the resistance in the start wind-
ing exceeds the resistance in ,theo may coil, current will flow through the coil. Vie .

current flow magnetizes the coil and opens the contact points. Current continues to
flow through the run irinding,:anod.the motor continues to operate. When the contact
points open, the flow of applied current through the start winding stops. However, the
run winding contieues to.iroltice kvoltage into the start windings. This induced voltage
causes current to flow frbm the start winding (which is acting as a secondary winding
on a step-up transformer) through the coil and common terminal back to the start
winding.

In reality, there is a complete independent electrical circuit that holds the contact
pomts open while the motor i operating. This circuit starts with the induced voltage
at the start windings, (which acts as a power source) goes to terminal 2, through the
coil (which actS as a unit of resistance) and out to the terminals. From terminal 5, the
current flows through the common terminal back to the start winding, figure 52.

ADVANTAGES. The points open during low current flow thus reducing electrical
arcing..

DISADVANTAGES. Potential relays are larger and cost more than the cu,rrent
relays.

APPLICATION. Systems using high torque motors and automatic or thermostatic
expansion valves. This relay is position sensitive to the degree that.it must be mounted
in the same manner as the original factory application.

pNDENSER FAN

POTENTIAL RELAY

WHITE

BLACK

THERMOSTAT FREEZESTAT

COMPRESSOR TERMINAL BOX

RED

START CAPACITOR

TERMINALS 4 AND 6" ARE DUMMIES RUN START

COMPRESSOR WINDINGS

Pote ial 'Relay Wiring Diagram
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THERMAL OVERLOADS

All hermetic compressors must have some protection against overloads and voltage

surges. Hot wire relays use the tension of the hot wire for this purpose. Current and
potential relays require an external means of motor protection. This protection is pro-
vided by a unit known as the thermal or motor overload. This thermal overload, see
figure 53, consists of a round bakelite casing containing a bimetal disc and a heater
wire. The protector is usually connected in the common lead going to the compressor.
Ali current going to the compressor must pass through the protector.

The heater is designed to carry a
given amount of current without getting
hot. If the motor becomes overloaded
and draws too mucn current the_ heater
will get hot. The heat affects the bimetal
disc and calises it to breaR the circuit. As
soon as the heater cools off the bimetal disc
will move back into position and complete
the circuit again. This cycle will continue
to repeat itself until the high current flow
through the motor is reduced.

Thermal overloads cause very little
trouble. However, they should always be Figure 53. Thermal Overload
replaced when replacing the starting relay.
If a thermal overload appears to be f amity, it can be checked by the following procedures:
(1) Unplug the unit and install a jumper wire across the thermal overload, (2) plug in

the unit and turn it on, (3) if the unit operates, check the current flow through thet.,

jumper wire, (4) if the current flow is not excessive, the thermal overload is faillty
and must be replaced, and (5) if the current flow is excessive, unplug the unit immedi-
ately and check for the cause of high current flow.

Some modern hermetic compressors come equipp:ed with a bimetal thermal disc
installed in the-winding of the motor. This thermal disc aids in reducing motor burn-
outs because it senses the temperature of the motor windings. The internal bimetal
disc does not eliminate the need for an external thermal overload. Only the power
going to the compressor goes through the thermal overload. The condenser fan or any
other unit must be connected on the line side of the thermal overload.
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SERVICING HERMETIC COMPRESSORS

ttrtarting a Hermetic Compressor

ILis possible to start a hermetically-
sealed compressor without using a start
relay. Connect a plug-in cord to the
common and run terminals as illustrated
in figure 54. Momentarily, place an insu-
lated jumper wire berween the run and
start terminals. The jumper wire must
be removed as soon as the motor starts.

A schematic of a pushbutton type start
cord is shown in figure 55. These cords
come equipped with a normal plut,-in on
one end and three alligator clips (for the
attachment to terminals on the compressor)
on the other end. IThe pushbutton switch
is spring-loaded to the OPEN position.

Figure 54. Jumper Wire System

WHITE

BLACK

R

ZuSHBUTTON SWITCH
(sPMNG-LOADED OPEN)

RED

Figure 55. Schematic PushilItton
Starter Cord

The main purpose of the starting cord is to check a malfunctioning starting relay.
if the compressor will not start and you suspect that the relay is faulty, proceed in the
following sequence to locate the trouble:

' NOck the power at the relay. If there is electrical power to the relay,
proceed to the next step.

. Unplug the unit.

- Remove the relay.

' lastalflIrt-white alligator clip on the common terminal.

Install the black llligator clip on the run terminal.

' Install the red alligator clip on the start terminal

' - Plug in the start cord.

. Push the start button.

CAUTION: The start buuon must not be held down more than a few sesonds.
If the compressor starts, the starting relay is faulty andopAW be
replaced.
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Motor Starter Analyzer

There are several manufacturers that'produce test instruments known as motor
start analyzers, see figure 56. These instruments differ a little from one manufacturer
to another, but they all have the same purpose: starting and analyzing hermetic com-
pressors.

Figure 56) Motor Start-Analyzer
They have the following components

Plug -in cord.

Test lamp.
On-Off switch
Pushbutton start switch
Two 175-microiarao start capautois
Two capacitor switches
A three-conductor tord to run from the instrument to the compressor. One
end of this ci)rd has plug-in type connectors and the other end has color-:coded
Aiigator clip-,

Four piug-in jacks to attach the three-conductor cords to the Instrument.
A rocker switch to reverse, the direction or rotation of tile motor.
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Charging Hermetic Units ...,

Hermetically-sealed units normally
use a capillary tube refrigerant control.
Therefore, the refrigerant charge is
critical. There are two methods normally
used to charge hermetic units. These
methods are called the charging station,
see figure 57, and the direct method.
These two methods will be discussed in
more detariduring classroom sessions.

4

Summary

,.,

Figure 57. Charging Station

There are many different types of domestic units and an infinite number of ways of
applying them. It is obvious we have not covered all these units. However, since they
are basically the same we have covered some of the applications available. This has
included their construction features, wiring, service and troubleshooting.

Reference:

Texthook, Modern Refrigeration and Air Conditioning. Althouse, Turnquist, and
Bracciano.
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e COMMERCIAL SYSTEMS

STUDY ASSIGNMENT; Modern Refrigeration and Air Conditioning, Chapters 13 and 15

STUDY NOTES

Paragraphs 13-1 through 13-5.

These paragraphs will be perhaps a review of what you have learned previously
Each type of commercial system, depending upon its specific use, requires different
designs. The paragraphs listed here and the ones that will follow discuss some of
these various designs.

Paragraphs 13-6 through 13-24.

Study these paragraphs carefully. They point out the major differences between
domestic and commercial refrigeration systems. The commercial system may be much
larger and more complex than the domestic unit.

Paragraphs 13-25 through 32.

If you do not understand defrost systems, you will be puzzled by the extra lines,
controls, and valves you will find on some systems. These systems are used only
where evaporator temperatures are maintained at 32 degrees F and below, all the time.

Paragraphs 13-33 through 13-41.

Automatic controls are the brains of the refrigerating system. Service personnel
usually have more trouble understanding and adjusting control than any other part of

the system.

Paragraphs 13-42 through 13-49.

One of the big differences between domestic and commercial refrigeration is the

use of multiple evaporators connected to one condensing unit. Different valves and
controls make this possible. Like other automatic controls, these can *either pressure
or temperature operated.

Paragraphs 13-50 through 13-64.

These paragraphs discuss some of the applications of accessories disdussed under
refrigeration components in an earlier lesson. Careful study of these accessories and
their use and adjustment will make future service work considerably easier.

Paragraphs 15-1 and 15-2.

Commercial refrigeration systems produce a variety of temperatures from -60 to
+60 degrees F. The refrigeration code is designed to provide standards that insure
proper operation and safety. Even though you may be allowed to put in noncode installa-
tions, it is recommended you follow the code as closely as possible.



Paragraph 15-3.

2 7-0

Most of the information in this section is basic. It will, however, give you some
excellent pointers for doing a job. Always do your work so you can answer "YES"'to
each of the following questions.

J. Is the system leakproof?

2. Is the system safe from outside damage?

3. Is the unit secured properly so it cannot hurt anyone?

4. Do the various parts--condensing unit, evaporator, refrigerant controls,
refrigerant lines, and electrical controls have enough capacity?

5. Does the installation have the appearance of neat workmanship?

Paragraphs 15-4 through 15-8.

The importance of making a oper electrical installation cannot be overemphasized.
The majority of service problems encountered have proven to be electrical in nature.
One thought must a!ways be foremost in your mind - is the system chemically clean
inside? You should always see that a drier and sight glass are installed in each install-
ation.

Paragraphs 15-9 through 15-16.

The first operation on any unit is to install the service manifold and gauges. Any
carelessness when installing or removing the manifold and its fittings do irreparable
damage to the unit by letting moisture, air, and dirt into the maChine. Use of the proper
tools and fittings is a must. Keeping a system clean and removing all the air and
moisture after an inStallation are the most important actions of the installation.

You should always test thoroughly for leaks and the leak testing equipment must be
in first-class condition.

Paragraphs 15-17 through 15-19.

Another very important service operation is that of charging the system with refrig-
erant and transferring the refrigerant. Do not waste refrigerant, keep it clean and
always be safety conscious.

The amount of refrigerant in a system is very important. Under- and overcharging
will prEsent many serious problems. Study the instructions, be sure you know how to
check for the amount of refrigerant in a system and the proper methods of charging
refrigen-nts.

Paragraphs 15-20 through 15-22.

A system should be started carefully. Avoid overloading the unit by using the
service valves to keep the low side pressure at the normal level until the unit is near
normal operation.
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Paragraphs 15-34 through 15-39.

You assume considerable responsibility when you seririce a commercial installation.
...... You are going to be responsible for thousands of dollars worth or equipment and food.

Whenever you do any repair work, do it carefully. NEVER eliminate`the safety devices,
abuse them, or put them out of adjustment.

The condensing unit is the most expensive part of a system. Experienced service
specialists find the following checklist helpful when troubleshooting.

1. Install gauges.

2. Check the refrigerant-charge.

3. Check the oil level.

4. Check the condensing medium, air, or water flow.

5. Check the temperature of the components, evaporator, condenser, refrigerant
lines, motors, and compressor heads.

6. Check for leaks thoroughly.

7. Aftercheck the service valves for leaks after you remove your gauges.

Paragraph 15-40.

Your biggest problem will be your ability to diagnose or locate trouble. As you
study this section, figure out a logical sequence on how to locate trouble when certain'
symptoms are evident.

Keep in mind heat flow needs clean transfer surfaces. For example a water-cooled
condenser must have both clean water passages and clean refrigerant passages.

Paragraphs 15-41 through 51.

Repairing compressors and other parts of the refrigeration system is accomplished
at most Air Force refrigeration shops. This interesting function of your specialty is
covered thoroughly in the paragraphs listed.

Paragraphs '15-89 and 15-90.

Authorities agree that moisture in a refrigeration system does all kinds of damage,
be sure that you dry a system thoroughly. If a hermetic system seems to keep gather-
ing moisture, it is possible the motor windings or oil is decomposing. Improper purg-
ing is a major source of moisture.

Paragraph 15-91.

A motor-compressor burnout will happen. Every serviceman must know what to
do should this occur. Repeat burnouts are a definite indication of poor service.
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Paragraph 15-93.

272.

The correct amount of oil in a system is as important as the correct amount ofrefrigerant. Either too much or too little oil can result in damage. Always check itcarefully.

Paragraphs 15-94 through 15-98.

Probably the most important thing about the suction line is it must have a minimumpressure drop and it must allow for proper oil drainage. Before you diagnose a systemas being caused by a faulty motor be Sure you check the belts, and that the pulleys and
. flywheel are in alignment and the shafts are parallel.

Paragraphs 15-99 through 15-102.

Hermetic motors must be checked and doublechecked before you decide they needservice. The service chart should be gone over carefully. It's very embarassing tochange a good compressor.

Paragraph 15-103.

Motor controls are seldom a source of trouble. The most frequent problem istampering and "tiakeritis." Be sure you know the operating principles before youadjust them or you can let yourself in for a lot of trouble.

_

t.
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SUPPLEMENTARY INFORMATION

COMMERCIAL REFRIGERATION SYSTEMS

The commercial refrigeration systems are those used in businesses. These sys-
tems normally use a high starting torque compressor and an expansion valve, but some
of the smaller units may use a capillary tube, Commercial units usually include: walk-
in boxes, reach-in boxes, display cases, ice cream cabinets, beverage coolers, ice
makers, and cold storage boxes. We will discuss only a few of the common units you
will come iii,contact,with on a day-by-day basis on an Air Force installation.

Walk-In Boxes

Walk-in boxes are designed for short to medium storage, and the length of storage
time will vary from a few hours to approximately two weeks. Walk-in boxes are com-
monly found in dining halls, clubs, food stores, commissaries and medical facilities.

*

Figure 58. Sectionalized Walk-In Box
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There are two types of walk-in boxes: the built-in type and the sectionalized. Thebuilt-in type is an integral part of the building and cannot be removed. The sectionalizedtype is built in sections and is designed to be assembled and utilized in one area eitherinside a building or outside cd' a building. If necessary it can be moved as a whole unitor disassembled and moved. These sections, see figure 58, are usually light enough to
be handled by two men and are small enough to pass through a normal sized door.

INSULATION. Any substance that will retard the flow of heat may be used for in-
sulating purposes. There is no perfect insulation. If the temperature difference is
high enough and the transfer time long enough, some heat will pass through material ofany thickness. Insulat* n is utilized for one or more of the following reasons:

k
Retard heat flow.

* Prevent water condensation of cold pipes, ducts, and surfaces.
* Reduce temperature fluctuation within the refrigerated space.

* Add structural strength to the walls, ceiling, and ducts.

Stop water vapor transmission.

* Reflect heat and light.

Provide soundproofing.

* Provide a fire barrier.

CHARACTERISTICS OF INSULATING MATERIAL. A good insulating material
should possess as many of the following characteristics as possible:

Low Thermal Conductivity (K Factor). The K Factor is the amount of heat that will
pass through one sovre foot of insulation one-inch thick, in one hour with a tempera-
ture difference of luF. It becomes obvious that the better the K Factor is, the better
the insulation is.

Resistance to Settling. Some materials will settle so that after a few years, the
top four o-e five inches of the wall will not be insulated. Therefore, loose type materials
should not be used in vertical walls.

Moisture Resistance. As the moisture content of an insulating material increases,
its heat retarding capacity decreases. Moisture even causes some materials to swell
and get larger. This could cause enough pressure to warp and damage walls. In sub-
freezing applications, 'the moisture in the insulation will freeze so that the expansion
of the ice crystals will damage the walls.

Low Specific Weight. If the insulation is not strong enough to support itself, a
heavy wall must be provided to support it. Furthermore, the weight of the insulation
must be figured to determine the required strength and support of the ceiling.
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Vermin Resistance. Rats, mice , -and Other forms of vermin 'render
some insulation materials worthless ,jyr. {Short tilt

i

e.

6 0 C(' I

Fire Resistance. Materials used fts insulation should be noncombustible.
.1k I

IP 1

MAJOR TYPES OF INSULATING MATERIALS. COnstruction materials, such as
wood, brick and concrete blocks, are n'Ot considered insulation materials. However.
many walk-in boxes are cbnstructed of wood. Therefore, both the inside and outside
wall must be considered when figuring heat transfer rate.

Rockwool. Rockwool comes in either batts or bags. Batts are usually made by
enclosing a layer of rockwool (1 to 4 inches) within an asphalt impregnated kraft paper
envelope. .This batt is then stapled between the'studs in the,wall. Noizmally, rockwool
is used for air-conditioning applications only.

Fiberglass. Fiberglass is used in air conditioning as well as all types of refriger-
ation equipment. A low density fiberglass is used in kir-conditioning applications only.

Plastic Foam. This is the lightest and best insulation material in use today. It is
made in various densities for a variety of applications. Its K factor is usually about
.11 to .15. It is more expensive than fiberglass. Since it has a lower K factor, less
is needed to do a comparable job. Plastic foam is available in board form or it may be
poured and foamed in place.

VAPOR BARRIER. Materials used to impede vapor tranesnission into insulation
include plastics, aluminum foil, tar, asphalt, moistureproof paints, and asphalt paper.

REFLECTIVE INSULATION. Heat can be reflected in tifisame way as light to
provide what may be called azeflective barrier. By placing a bright surface between
the structural wall and the insulation, a lot of heat that would normally enter the room
is stopped and reflected out. Normally, aluminum fo*is used as a good reflective
insulation.

Evaporators
NATURAL CONVECTION EVAPORATOR. The natural conveCtion evaporator has

no fan. The air is circulated throughout the box 'By the air currents inside the box. This
evaporator is also known as a plate evaporator. The plate type is niade by fusing two
plates of metal together and forming an evaporator. The part of the evaporator coil
contacting the air requires more surface area than a fin-type evaporator.

FEN-TYPE EVAPORATORS. Finned-type evaporators use fans as the means of cir-
culating air. The evaporator may be mounted in the corner of the box, to occupy the
least amount of space, and as far as possible from the door. The coil and fan are ep-
closed in a metal case, which is designed for ease when servicing component's. An
evaporator that is mounted on the center back wall is not nornially,very, wide Or deep.
It is mounted near the top of the box and the air tomes cut the sides and returns through
the front of the evaporator.

CEILING MOUNTED EVAPNRATORS. This evaporator is normally thin and small
with the coil covering the outer face of the evaporator, and the fan is mounted behind
the coil. It is suspended from the ceiling to take up the least 'amount of space in the box.
The main airflow is directed toward the door opening to...cause the least amount of heat
from entering the box when the door is opened.
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CONDENSING UNITS. Some walk-ins use a plug type, self-contained refrigeration
system that includes the evaporator, compressor, condenser, and all the accessories
and electrical components. rhese units are bolted in place through a hole in the side,
of the box with the evapor:ator inside and the condensing unit outside. Most walk-in boxes
use a remote condensing 'unit. These units may be hermetic, semihermetic, or open-
type compressors with either air, water, or evaporative type conderiseri.

ACROSS-THE-LINE MOTOR STARTER

Motors of three-quarter horsepower and above require an across-the-line motor
starter to provide motor protection, control starting and stopping, and to afford remote
control.

Motor circuits and protective devices (fuses, circuit breakers, etc ) are sized so
that their capacity is ,125 percent of the normal full load amperage of a motor. Example:
If a motor with a 20-ampere full load is protected with a 25-ampere fuse, this motor
could run indefinitely drawing 25 amperes. Since it is ,designed to run at 20 amperes
Under full load, running at 25 amperes would eventually burn it out or the windings
would be permanently damaged. .To prevent this damage and avoid costly replacement
of the laidee motors, the acrossLthe-line motor starter is used on three-quarter horse-

( power and above motors.

A motor starter consists of three or four sets of heavy contacts used for closing
the circuit to the motor, thermal switches, heaters, and an electromagnet, or solenoid
referred to as a holding coil. The contacts are closed when voltage is applied to the
holding coil. Usually, the voltage of the holding coil is the same as that of the motor
controlled by the starter; however applications where a 24-volt coil is used to control a
220-volt motor are not uncommon.

Two circuits are used in motor starters. The circuit used to energize the holding
coil is referred to as the "control circuit," and contains a manually operated Switch or
automatic switch (thermostat), thermal switch and the holding coil. The circuit to the
motor is referred to as the "load circuit," and contains the load contacts (stationary and
movable contacts), heater or heaters, and the load (motor).

The heaters are special resistors, installed in the ioad circuit. heat given off
by these heaters is proportional to the current flow. As current flow creases, heat
from the heater increases. Located adjacent to the heaters . , it rdall closed thermal
switches. The thermal switches are in the control circuit. i current the motor in-
creases beyond sale limits, heat from the heater causes the er .1 swithh to open, and
the holding coil is deenergized, opening the load circuit.

The contacts of the thermal switches are usually held open by a mechanical catch
spring, and must be closed (reset) manually.

In addition to the thermal switch or switches used in the control circuit, an additional
switch or switches may be used to control the motor starter. For example, a manually
operated single-pole, single-throw switch located in the control circuit can be used to
energize, or deenergize the holding coil of a motor starter if manual control is desired,
see figures 59 and 60.
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Figure 59. Three-Phase Across-The-Line Motor Starter

Many holding coils are designed for dual-voltage applications, for example, one
coil may operate on 110 volts and by changing one connection the same coil can bep.ised
on 220 volts. Actually, these coils are center tapped and when 110-volt opera n is
desired, only half the coil is being energized.

Sizing of the motor starter is very important. Heaters that have greater current
ratings than the motor being operated will not properly protect the motor. Heaters that
are too small will cause nuisanoe tripping due to normal current flow.

To determine the proper heater for a given motor starter application,you must first
determine the full load amperage of the motor by checking the data plate information,
then using the conversion table for the specific motor starter. Heaters from one name
brand motor starter are not interchaneabI with other manufacturer's products. No
atempt should be made to interchange heate s.

3 ej
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Selecting Heaters

21g

The overload relay size is determined by the full load current of the motor it pro-.
tects. When selecting the heaters to protect a motor, you should check the motor data
plate to find the full load current. Each manufacturer normally puts a heater selection
table in the controller cover. Heaters are not identified by amperage, but by the manu-
facturer's catalog number.. By using the full load current of the motor to be protected
and referring to the manufacturer's table, the proper heater can be selected. Figure 61

is a Cutler-Hammer heater table. If the full load current of a 2 hp motor at 230v is
6.8 amps, the heater required would be an H1033.

HEATER COIL SELECTION TABLES

..

For Size 1 Starter For Size 2 Starter For Size 3 Starter For Size 4 Starter

Ampere
Range

_

Catalog
No,

Ampere
Range

Catalog
No

Ampere
Range

Catalog
No.

Ampere
Range

Catalog
No.

Ampere
Range

Catalog
No.

.157-.177 F11101 2.20-2.45 H1024 3.89-4 35 H1028 8.72-9.67 H1035 19.5-21.9 H1042

178-.198 F11102 2.46-2.74 H1025 4.36-4.81 H1029 9.68-10.8 H1036 22.0-24.7 H1043

199-.223 F11103 2.75-3 07 H1026 4.824 35 H1030 10.942.0 H1037 24.8-29.0 H1044

.224-.249 F11104 3.08-3.42 H1066 5.36-5.96 H1031 12.1-13.5 H1038 29.1-31.9 H1045

.250-,280 F11105 3.434.81 H1027 5.97-6.53 H1032 13.6-15.0 H1039 32.0-36.1 H1046

281- 313 F11106 3 82-4.27 H1028 6.64-7.41 H1033 15.1-16.8 H1040 36.2-40.7 H1047

.314- 353 F11107 4 28-4.71 H1029 7.42-8.23 H1034 16.9-19.1 H1041 41.8-46.2 H1048

.354- 395 F11108 4.72-5 24 F11030 8 34-9 19 H1035 19.2-21.6 F11042 46.3-52.4 H1049

.396-.445 F11109 5 25-5.87 H1031 ',9.20-10.2 H1036 21.7-24.5 H1043 52.5-59.2 H1050

.446-.499 F11110 5.88-6.48 H1032 i 10 3-11 4 H1037 24.6-27.8 H1044 59.3-66.3 H1051

.,

.500-.562 F11111 6 49-7,27 H1033 11 5-12.8 H1038 27.941.5 H1045 66.4-75.1 H1052

.563-.631 F11112 7 28-8.14 H1034 12%. 9-14 1 H1039 31.645.5 H1046 75.2-87.1 H1034

632- 711 F11113 8.15-9.03 H1035 14.2-15 9 H1040 35.6-40.3 H1047 87.2-99.9 H1055

.712- 799 F11114 9.04-10.0 H1036 1 16.0-18.1 H1041 40.4-45.6 H1048 100. -113 H1056

800-.903 F11115 10.1-11.2 H1037 18;2-20.4 H1042 45.7-51.8 H1049 114. -129. H1057

.904-1 01 H1116 11.3-12.5 H1038
,
20.4-23.3 H1043 51.9-58.6 F11050 130. -135. F11058

1.02-1.13 H1117 12.6-13.8 H1039 23.4-26.5 111044 58.7-65.2 H1051

1.14-1.27 F11018 13.9-15.6 H1040 26.640 3 H1045 65.3-74.3 H1052

1.28-1.43 H1019 15.7-17.7 H1041 30.4-34.7 Fi1046 74.4-86.3 F11054

1.44-1.60 F11020 17.8-19.9 H1042 34.8-39.6 H1047 86.4-90.0 H1055

1.61-1.79 F11021 20.0-22.5 H1043 39.7-45 0 H1048

1.80-1.98 F11022 22.6-25.3 H1044'
1.99-2.19 H1023 25.4-27.0 H1045

Figure 61. Cutler-Hammer Heater Table
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MOTOR CONTROLS
Pressure Controls

Pressure-type motor controls are used on units because of the following advantage
The control can be placed on or near the condensing units removing the necessity of
long electrical leads. The feeler element of a pressure motor control senses the aver-age pressure of the box. The feeler bulb of a thermostatic motor control senses the
temperature of a small area only. Pressure controls can be adjusted to guarantee a
complete defrosting of the evaporator during each cycle. The 'main disadvantage of
pressure-type controls is that they cannot be used if the condensing unit operates m alow ambient temperature. If the ambient temperature drops 'too. IQW the low side pres-
sure will not increase enough to turn the unit on.

Thermostatic Motor Control

The thermostatic motor control barns the unit on regardless of the low- or high-
side pressures. There am two major advantages of thermostatic motor controls. Itwill compensate for slightly oversized or undersized evaporators and mamtain close
control of box temperatures. The main disadvantage is that you cannot guarantee com-
plete defrost of the evaporator ng each defrost cycle.
Adjusting Motor Contrai

At the present time there are several manufacturers making motor controls. Each
of these controls uses the same basic principles of operation. If you understand the
principles of operation and application of controls, you can adjus,t any control with very
little difficulty. Before adjusting any control the first thing to determine is the average
box temperature. The next thing to determine is the allowable range that is the differ-
ence between the cut-cxit and cut-in. The range should be as small as possible without
causing the condensing unit to short cycle. Normally, commercial units use a range of
10 degrees. The next thing to determine is the T.D. of the evaporator. When we speak
of T.D. of an evaporator, we are talking about the temperature difference between the
boiling refrigerant in the evaporator and the temperature of the air entering the evapora-
tor. After determining the average box temperature range and evaporator T.D. you
make out a condition sheet.

Assume the following conditions:

Average box temperature - 400 and range of 100

Evaporator T.D. - 100

Step 1. Make a condition chart as illustrated below:

Cut-In

Cut-Out

Differential

Box Temp

(-3

Evap Temp Suction Pressure

1 /. 6,1/
35-F- z5or 2 S. 6ps,
/ o-F-

_
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Step 2. Determine the cut-in and cut-out temperature. if the average box temper-
ature is 40 degrees with a range of 10 degrees, the cut-in will be 5 degrees above 40
and the cut-out will be 5 degrees below. Therefore, the cut-in is 45 and the cut-out is
35 degrees. Place these figures in the chart.

Step 3. Subtract the cut-out from the cut-in. This figure (100) is the temperature
differ ential .

Step 4. Fill in the eVaporator temperature block. With the compressor off and the
evaporator fan running, at the cut-in the evaporator and box temperature will be the
same. Place the number 450 in its proper place.

Step 5. At cut-out, the evaporator temperature will be 100 less than the box temp-
erature. We are using a 10 degree T.D. evapor,ator. Place the figure 25° in its
proper place.

Step 6. Use your temperature pressure relationship chart and look up the suction
pressure for 45° and 25°. In this case, it is 41.6 and 25.6 psig. Place these numbers
in their pr oper place .

Step 7. Subtract the cut-out suction pressure (24.6) from the cut-in suction pres-
sure (41.6). This number is the pressure differential.

Safety Switches

HIGH SIDE SAFETY SWITCH. The high side safety switch is installed in the high
side to protect the system against excessive head pressures, and is normally set 20
percent above normal operating pressure. The high side safety switch operates on the
same principle as the low side.motor control except the points open on a pressure rise.

OIL PRESSURE SAFETY SWITCH. The purpose of this control is to stop the com-
pressor if the oil pressure from the oil pump falls below a preset point. It also stops
the compressor in the event that oil pressure fails to build up to thetainimum safe level
within a set time after the compressor starts.

TO CRANKCASE

TIMING SWITCH RESISTOR

DIFFERENTIAL
PRESSURE SWITCH

HEATER

230V

THERMOSTAT

OIL PUMP

RESET
BUTTON

Figure 62. Oil pressure Safety Switch
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It is important to know that the total oil pressure, measured by the oil pressure
gage, is the sum of the suction pressure and the'oil pressure. To find the true oil pump
pressure subtract the suction pressure from the oil gage pressure. The difference be-
tween rile two is the pressure that is being developed by the oil pump.

Principles of Operation. The oil pressure safety switch is actuated by the true oil
pressure from the oil pump. This is accomplished by using two pressure bellows
opposirg each other, see figure 62. One bellows is connected to the crankcase, sensing
suction pressure. The other is connected to the oil pump sensing total oil pressure.
The pressure difference between the two is equal to the true oil pressure. This true oil
pressure actuates the pressure differential switch of the oil pressure safety switch. A
time delay is wired in the safety switch which allows the compressor to operate 90 to
120 seconds with low oil pressure. However, IT the pressure doesn't build up in the fr
allowed time, the safety switch will shut the compressor off. To restart the tompres sor,
the control must be manually reset.

Current Flow. The timing switch is wired in series with the holding coil of the line
starter, and the heater is wired in parallel with the holding coil. The pressure differ-
ential switch is connected in series with, and controls the operation of the relay heater.
The resistor in series with the relay heater limits the current flow to the heater and
makes the control adaptable to 115-volt and 230-volt circuits. Since the oil pump oper-
ates only when the compressor operates, the total oil pressure will be Ole same as
suction pressure when the compressor is off. Both the timing relay heater and holding
coil are energized on startup. When the compressor starts and the oil pump pressure
builds up to the cut-in point of the safety switch, the pressure differential switch will
open and remove the heater from the circuit. The compressor will then operate normally.
If the oil pump pressure doesn't build up to the cut-in pressure in the allotted time,
the pressure differential switch won't open leaving the heater in the circuit. The heat
from the heater will cause the bimetal strip to warp and open the timing switch. This
stops current flow to the holding coil and stops the compressor. If the oil pump pressure
falls below the cut-out point during operation of the compressor, the differential pressure
switch will close and energizelthe heater. If the oil pressure doesn't build up in the
allotted time (9 120 seconds) the operation of the heater will open the timing switch
and stop the mpre or. figure 62.

Setting the Oil Pressure Safety Switch. Both the cut-in and cut-out pressures
should be set in accordance with the manufacturer's speciiications. If4hey are not
known. general practice is to set the cut-in approximately 5 psi below the true oil
pressure. The cut-out should be set for a pressure approximately 5 psi below the cut-in
pressure. For example, if the suction pressure is 38 psig and the total oil pressure is
73 pg this means the true oil pressure is 35 psi (73 - 38 = 35). The cut-in should be
set at 36 and the cut-out at 25.

BASIC METHODS OF DEFROST

Before discussing the defrost systems, let's first find out why we must defrost a
system. The purpose of an evaporator is to absorb heat from the sirrounding area.
This heat comes from the item being stored plus heat penetration thraigh the walls,
windows, doors, roof, and floor. The evaporator must be able to absorb as much heat
as the refrigerant circulating through the system can carry away. If something slows
this process up, the conditioned space will become warmer adt spoilage of the items
being cooled will occur. AThe evaporator is a key to good cooling. If the evaporator is
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kept clean, its ability to abs rb heat
the efficiency will drop and it will be d
the refrigerated space. One of the big
absorbing heat is frost. Frost will re
frost problems it is important to mainta
tion. In the early days, frost was remove
rator with some blunt object such as woode
moved automatically by defrost systems.
today to accomplish the job of defrost.

If the evaporator is allowed to get dirty
icult to maintain the desired, temperature in

est factors that prevent the evaporator from
d heat transfer. To eliminate some of the

the equipment in a properly adjusted condi-
from the evaporator by scraping the evapo-
paddles. Now in most boxes, frost is re-
e ,wiIl discuss some of the methods used

Pressure Control Defrost

In the early twenties, manufacturers came out with finned-type evaporators. It was
essential that they be defrosted frequently to keep the coils as free from frost as pos-
sible to maintain a constant temperature. The pressure control defrost method is com-
mon on finned gravit} or blower type evaporators in walk-in boxes and display cases.
This is primarily used on equipment which maintains a temperature above 32u. The
control will not allow the unit to come back on until box temperature has warmed suf-
ficiently to defrost the evaporator on the off cycle. It works like a low pressure switch.or
Each time the box temperature is satisfied, the switch opens and will not close until
the evaporator has reached 350 .

Temperature Control

The temperature defrost control operates in much the same manner as the pressure
defrost control except that it senses temperature instead of pressure. The sensing
bulb is located in a convenient place on the evaporator. It is located so that the whole
evaporator will be defrosted each time the compressor cycles off.

Two-Temperature Defrost

This defrost system employs two remote bulbs instead of one. One of the bulbs is
attached to the evaporator, and the other is exposed to the refrigerated air. The switch
mechanism is so designed that the bulb attached to the evaporator can only close the
switch and start the compressor, and the bulb which is exposed to the air can only stop
the compressor. In this way the bulb on the evaporator assures a complete defrost eacl
time the compressor stops. This control is limited to use on boxes with a temperature
above 32°. It has its limitations, one being that if the load becomes very heavy there
may be difficulty in obtaining a complete defrost.

yressure-Temperature Defrost

The defrost is controlled by the pressure on the refrigerant, and the air tempera-
ture is controlled by the thermostat. This type of system will give abetter defrost
each time. It is very effective on boxes with a temperature above 350

. This defrost
cycle cannot be used effectively on evaporators for ice making, storing of frozen foods,
or evaporators below 350 . On the particular application where it is used, it has a
better control of the box temperature and does not allow the box to warm up more than
a few degrees.
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Time Shutdown Defrost

20-

;
This defrost system IS-used on boxes that have a range from 25 to 350. The com-

pressor can be shut down several times in a 24-hour period if required. The shutdown
time should be selected when the load is the lightest or when the usage of the box is light,
such as during closing hours or at night. With this system the compressor can be shut
down for as long as 4 to 5 hours at a time to assure a complete defrost of the evapora-
tor. Each installation varies so the stopping and starting time will vary. This will be
done on a trial basis until you are satisfied and complete defrosting is accomplished.

Time-Pressure Defrdst

This method is a combination of the pressure defrost and the time defrost. The
operation of the control is simple. The timer stops the unit, and the low-pressure con-
trol is set for approximately 38 to 40 psig or about 41 to 430 This defrost switch does
not defrost each time the unit cycles, so a warmer box is required to completely de-
frost the evaporator. One of the advantages with this type of defrost is that the length
of defrost is automatically adjusted.

Hot Gas-Timed Mechanical Valve

This is a combination valve and mechanical timer. One of the features of this de-
frost is that the hot gas line is soldered to the drain pan to heat the pan and allow the
water to drain to the outside. A check valve may be necessary just ahead of the con-
denser to prevent obstructing the flow of hot gas to the evaporator. The fans must be
stopped while the defrosting is going on especially with temperatures below 25°. When
tempeeatures are 0 degrees or below, it is a good practice to have louvers to enclose
the air handler so less heat enters the conditioned space. It aids in a more rapid de-
frost due to the fact that the air handler is also enclosed at this time. When this method
is used, after defrosting the evaporator the condensing unit will come on but the evapo-
rator fans will not come on until the refrigerant has reached a predetermined tempera-
ture. This action is controlled by a thermostat, and will eliminate hot air from being
blown into the conditioned space. One disadvantage of hot gas defrosting is a lack of
adequate heat within this gas to do a complete defrost on the evaporator.

Major Components _

In general, all defrost systems ha4he following components:

DEFROST TIMER. This is an electrical clock that energizes the defrost system.
There are two different methods of operating the clock timer, the first is clock timing.
This is the simplest and most common method used. An electric clock is wired to the
plug-in cord. Any time the unit is plugged in, the clock is running. Some of the timers
are set to defrost once every 12 hours, while others defrost every 6 to 8 hours. The
second is running time. The electrical clock is connected to the compressor circuit.
Therefore, the clock runs only when the compressor is operating. After a given number
of hours of operation usually 4 to 8 hours, the timer energizes the defrost system.

DRAIN TROUGH. This unit is located below the evaporator to catch the defrost
water as it drips off the evaporator.

DRAIN TROUGH HEATER. An electrical heater located below the drain trough to
keep the water from freezing before it has a chance to flow out the drain line.
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DRAIN LINE. A piece of copper, rubber, or plastic tubing which runs from the
drain trough to remove condensate.

HEATING MECHANISM. For satisfactory operation, particularly in the freezing
section, the time it takes to defrost the evaporator must be held to a minimum. This
is accomplished 1.1y rapidly heating the evaporator with the hot condenser gas or an
electrical heating coil.

DEFROST THERMOSTAT. This unit has several different names:, defrost thermo-
stat, termination thermostat, or safety control. Regardless of what these units are
called, they all work the same and have the same function. The unit is a small circular
plastic or bakelite disc with two wires attached. It is located on and attached to the
evaporator. The internal mechanism-consists of a bimetal element with contacts which
open at 37 to 40°F and close at 18 to 24°F. It has two purposes: to keep the defrost
heater from getting hot unless the evaporator is sold, and to stop or terminate the de-
frost cycle when the evaporator reaches 37 to 40 F.

Hot G as Defrost System

Figure 63 illustrates a typical hot as defrost system. The defrost timer opens the
solenoid valve and allows the hot cond ser gas to flow through the bypass line into the
evaporator. The hot gas gives up its heat and melts the frost on the evaporator. De-
frost water collected in the drain trough flows down the drain line to the drain pan.
Heat from the condenser evaporates the water. The &sin trough heater keeps the water
from freezing before it flows out the drain line. Some of the hot gas condenses in the
evaporator. To eliminate a liquid lock in the compressor, this liquid refrigerant is
vaporized by an electrical heating element in the suction line. -

DEFROST
THERMOSTAT

DRAIN
TROUGH

DRAIN
LINE

EVAPORATOR

0

F

/
Or DRAIN PAN

BYPASS
LINE- ---

COND

COMP

SOLENOID
VALVE

ft.(.

DEFROST
TIMER

Figure 63. Defrost System

ADVANTAGES. (1) Cheap operation - by using the heat in the hot gas, the require-
ment for electrical power is reduced, (2) Fast operation - the hot gas is in direct con-
tart with the tubes in the evaporator. Therefore, the ice is melted rapidly.

3 )
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DISADVANTAGES. The hot gas defrost system is more difficult to trcubleshoot
than the electrical. If the boy is located in a low-temperature area, there will not be
enough heat in the hot gas to completely defrost the evaporator. The ice will continue
to build up on the evaporator until it must be defrosted by hand.

Electrical Defrost System ,

The electrical defrost sys ni is very simple. It consists of an electrical heating
element wound aroundand attachè to the evaporator. The defrost timer turns the com-pressor off and turns the defrost system on. The heating element melts the ice on theevaporator. As soon as the evaporator reaches 37 to 40uF, the defrost thermostat turnsthe defrost system off. After an additional 4 to 5 minutes, the defrost timer places thesystem back in normal operation,

Defrost System Wiring Diagram

There are several different types of defrost timers used in refrigeration. Two
common types are illustrated in figures 64 and 65. Each of these timers consists of ,four major components: (1) Electrit motor that runs continuously, (2) a rotor with
lobe that makes one rotation each defrost cycle, (3) two sets of contact points, one setof points is always open when the other set is,closed, and (4) four Or more electricalterminals.

1 1

TROUGH HEATER

Timm,

1

4

3

or
POINTS -6-

ROTOR

7
MOTOR

....\,..,..
. COLD CONTROL

RELAY

R f
SAFETY

CONTROL

OPEN 37 F
CLOSE 24 F

COMPRESSOR

A

... DEFROST
HEATER

Figure 64. Wiring Diagram (New-Type Defrost Timer)
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During normal operation, as shown by figures 64 and,65, electrical current is
supplied to the compressor through the closed contact points. When the rotor moves
far enough, terminal 1 moves up on the lobe and opens one set of contact points and
closes the other. If the evaporator is col4 (below 24°F for the old type), the defrost
thermostat opens and stops the defrost cycle. It usually takes about 10 to 11 minutes
to completely defrost the evaporator. Terminal 1 will continue to ride the lobe of the
rotor for another 4 to 5 minutes. This additional time provides time for defrost water
to drain out, the evaporator to tool down and the pressure in the system to equalize.
As soon as the rotor moves far enough, terminal 1 drops off the lobe and places the
system back in normal operation.

DRAIN TROUGH HEATER

Figure 65. Wiring Diagram (Old Type Defrost Timer)

The wiring diagrams in figures 64 and 65 are for electrical defrost systems. This
sam..: tinier can also be used with hot gas defrost system by substituting a solenoid
valve for the defrost heater.
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MULTIPLE EVAPORATOR SYSTEMS

A multiple evaporator system is one in which two or more evaporators operate at
different temperatures and are connected to the same condensing unit.

EVAPORATOR EVAPORATOR

F 35.F 45'F

**',EVAPORATOR,,'-'44)
CHICK PRESSURE
VALVE REGULATOR

CONDENSER

Figure 66. Evaporator Pressure Regulator System

CML -0104

A typical three-evaporator multiple evaporator system is shown in figure 66.
An EPR (evaporator pressure regulator) valve is installed in the suction line of each
of the warmer evaporators in order to maintain the pressure. This also maintains the
saturation temperature (boiling point) of the refrigerant at the desired level. A check
valve is installed in the suction line of the low temperature evapoiator to prevent the
high (pressure) from the warmer evaporators from backing up into the cold evaporator.
The check valve will remain closed as long as the pressure in the main suction line is
above the pressure in the low temperature evaporator. For this reason the low temper-
ature evaporator will receive little or no cooling until the demands of the high temper-
ature evaporators are satisfied. To rectify this, the load on the low temperature evap-
orator must be at least 60 percent of the total heat load. If the load is less, the com-
pressor will operate too long at suction pressures too high for adequate refrigeration
in the low temperature evaporator.

In multiple evaporator systems, the compressor is normally cycled by a low-
pressure control. The control cutait pressure is set to satisfy the temperature in the
coldest evaporator. When the compressor is in the OFF cycle, any one of the evapora-
tors is able to start the compresor. If the EPR valve opens one of the high-lempera-
ture evaporators to the suction line, the pressure will rise causing the control to start
the compressor.
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Solenoid Valve System

Thermostatically controlled solenoid valves in the liquid or suction lines Of the
high-temperature evaporators are also used in multiple evaporator systern1 A typical
system of this type is shown in4igure 67. -

SOLENOID

EVAPORATO

0. F

CHECK VALVES

SOLENOID

EVAPORATOR

35*F

SOLENOID

CONOENSER

VAPORATOR

4S F

Figure 67. Solenoid Valve System

CIAL-01011

The operation of this system is similar to the EPR type system except that there is
no control of evaporator pressure and temperature. A thermostat in the refrigerated
space of each box controls the solenoid valves. When the thermostat for a particular
space is satisfied, it will allow the solenoid valve to close, shutting off refrigerant flow

to that evaporator. If all the solenoids have closed the system will pump doWn and shut

off the low prbssure control.

Check valves should be installed in the suction lines of the colder evaporators to
prevent pressure from the warmer evaporator from backing into the colder evaporators.

0/
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MULTIPLE COMPRESSOR SYSTEMS

A multiple compressor system is one with two or more compressors operating tocool one refr erated space. The compressors may be hooked in parallellor in seriesdepenqing o he type of application. A typical multiple compressor system with thecompres rs connected in p64l.lel is shown in figure 68.

,1

REFRIGERANT CONTROL

MOTOR CONTROL

EVAPORATOR

CONDENSER

OIL EQUALIZER LINE
GAS EQUALIZER LINE

Figure 68, Multiple Compressor System
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Direct Staged System

\\In this system the compressors are connected in series. One compres or will

compress the refrigerant and discharge it into the suction of the other. The ressure

of the refrigerant is increased by the second compressor and discharged into the con-

denser. The same refrigerant is used throughout the system.

Ca§cade System

This system is composed of two complete refrigeration units connected by an inter-

stage heat exchanger. This heat exchanger is the condenser for one unit and the evapor-

ator for the other. The evapo tor of the high-pressure unit remove's heat from the

condenser of the Unit that re hes ultra-low temperatures. Two different refrigerants

must be used in this

Equalizer Lines

There will be a small difference ir, crankcase pressures. rtus difference is c,)r-

rected by using equalizer lines. The suction pressure must be the same at both corn-.

pressors. The oil collects in the compressor with the lowest crankcase pressure. This

Will cause the other compressor to fail because of the lack of oil. The gas and oil

equalizer lines are connected to the crankcase of both compressors. The gas equalizer

line must be installed above the maximum oil level. The oil equalizer line must be in-

stalled below the minimum oil level.

TROUBLE ANALYSIS OF COMMERCIAL UNITS

Determining the cause of a malfunction in a refrigeration system is usually much

more difficult than repairing it once the trouble is located. It is important that a step-

by-step procedure be followed when troubleshooting a system. A hit-or-miss procedure

or parts changing will result in a waste of time and may compound your 'trouble rather

than correcting it. The refrigeration specialist should listen to the user's complaint,

and often this will give a clue as to the possible trouble. Following a trouble analysis

chart may be an aid to you in finding possible troubles. The mistake made bV most

refrigeration specialists is in forming an opinion without properly checking the
equipment. This results in both wasted man-hours and equipment.

Summary
,

Commercial refrigeration is similar to air conditioning as far as the basic equ;p-

ment is concerned, but we deal with various pieces of equipme nt such as timers, defrost-

ing the coils, low temperatures to high temperatures, preserva on .of foods, beverages,

produce-and anything that will require freezing. Troubleshooting a commercial refriger-

ation system can be,more complicated than a regular air-conditioning unit, and at low

temperatures we can run into troubles such as oil.return. The system is only as good as

the seryice technician that is maintaining it. The' information coat ed in ihis study

guide,should be an aid to you.

)
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PART 1

Operation

1. Using the above diagram of a refrigeration system, answer the following
questions.

2. What refrigerant pressures should exist at the following points of the system,
while operating at the entering air temperatures shown?

POINTS

A.

B.

C.

D.

E.

F.

G.

H.

,

c

PRESSIJRE

3. What refrigerant temperatures should exist at the following points of the
system, while operating at the same entering air temps as above.

POINTS TEMPERATURE

B.

F.

G.

4. Would the temperatures at points C, D, and E be more or less than point B?

EXPLAIN:

v

5. Why should point A. be at a higher temperature than point B?

Mb
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6. Why is the temperature at point G. higher than point F?

ih.

7. Will point H normally be at a higher temPeature than point

8. What caused a higher temperature at point H?
vr.

9. Do NORMAL pressures depend on the entering air conditions ? EXPLAIN:

10. What caused the quick temperature reduction from point E to point F?

11. What refrigerant temps and pressures will exist at points F and G if the
entering air is 30°F ?

F.

F.

G.

G.

TEMP.

PRES.

TEMP.

PRES.

12. If 30°F is the desired average space temperature, what should the temperature
control be set at to maintain the temperature within a 10-degree temperature range ?

15 degree temp range ?

4 9
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13. What would the pressure be in the evaporator, with no suction line pressure

loss, when the compressor is at the cutout point, for a 10-degree operating tempera-

ture range in the space ?
..

For a 15°F temperature range

14. Can the operation of a condenser be described as a constant temperature

1"k

constant pressure process ?

15. How does heat loading of the evaporator affect the suction pressure?

16. How does the load affect the high side pressure?

EXPLAIN:

17. What should the discharge pressure of the compressor (C) be with SHOWN

condenser air temps ?

18. What controls the discharge pressure of the compressor (C)?

19. Will high superheat, entering the compressor (C) cause the compressor to

discharge the refrigerant at abnormally high temperatures ? EXPLAIN:

20. What characteristic of the condenser affects the compressor discharge

temperature?
--z.

5
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INSTRUCTIONS: Refer to tliystem diagram below and then answer questions
17-through 26.

REFRIGERANT 12

EVAP - entering air temp
is 20°F.

DESIGN TD is 10°F.

-

COND - entering air temp
is 80°F.

DESIGN TD is'30°F.

mulaa
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21. Does the air temperature rise through the condenser indicate that the con-
denser is doing its job?

22. What should the condensing temperature of the refrigerant be?

23. What should the condenser leaving liquid temperature be, II no subcooling

takes place in the condenser ?

24. What should the evaporating pressure be?

25. If the expansion valve (A) was an automatic (constant pressure type), what
pressure would be required to maintain 15°F in the space ?

26. Would the degree of superheat be constant?

7
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PART II

Pipe Sizing

INSTRUCTIONS: Using the piping schematic on page 9 and the piping tables in your
study guide, size the lines and complete the following:

1. Liquid line

a. Correction factor at 450 suction and 1250 condensing temperature is:

b. Corrected tonnage is

c. Length of the liquid line is

d. Estimated line size is

.e. Equivalent length of valves and fittings is

f. Total equivalent length of liquid line is

g. The liquid line size should be , which will give a tonnage

capacity of and a line pressure drop of

2. Suction Line

a. Correction factor is

b. Corrected tonnage is

c. Length of the suction line is

d. Estimated line size is

e. Equivalent length of valves and fittings is , making a total

equivalent length of

f. The suction line size should be , which will give a tonnage

capacity of and a line presstre drop of

a Suction gas velocity check:tv

(1) Correction factor for velocity is , which gives a corrected

Connage of

(2) Velocity at this line size and corrected tonnage is
-:

8 3 )A., j
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ROOF LINE

17/
AIR-COOLED
CONDENSER
WITHOUT
SURCOCLING

I 1*

10

SOLENOID
2' VALVE

SIGHT
GLASS

10

DRY
EXPANSION
EVAPORATOR

FLOOR LINE

RECEIVER

10'

FULL LOAD . . . 18 Tons
SUCTION TEMPERATURE . . . 45°F
CONDENSING TEMPERATURE . 125°F
REFRIGERANT R-12

9

CM-037

VALVES:
On Receiver - Globe
On CornpreSsor - Angle

ELBOWS - Short Radius



3. Discharge Line /1#
a. Correction factor is which gives rtrorrected tonnage of

b. Length of the discharge line is

c. Estimated line size is

d. Equivalent length of valves and fittings is , which gives a
*

total equivalent len of o

e. The discharge line ize should be , which will give a`

tonnage capacity of and a..ine pressure drop

1. Discharge line velocity check:

Correction factor for velodity is

corrected tonnage of

, which gives a

(2) Velocity at this line siz and corrected tonnage is

4. Condenser drain line

a. Correction factor is which gives a corrected tonnage of

NOTE: Tq compute correction factor for condenser drain lines, us th
table for liquid line correction factor.

b. Length of condenser drain line is , which gives an

estimated line size of

c. Equivalent length of valves and fittings' is , which gives a

total equivalent length of

d. The condenser drain line size is , and the condenser should

be located at least inches above the receiver.

5. Have the instruCtor check your work.

Checked by
Instructor
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CCMPRESSOR CAPACITY AND CAPACITY CONTROL

Figuring Capacity

INSTRUCTION!: Using a pencil, fill in the answers below:

1. What c?nditions exist within a compressor which affects volumetric efficiency

D2 XLXNX rpm
2. Using the formula Q 2200 , compute the displacement of a recipro-

cating compressor which has a 2..5-inch bore, 3-inch stroke, 6 cylinders, and is
turning at 1750 rpm.

3. Using the answer from 2 above, compute the tonnage of the compressor assuming
that each ton is capable of pumping 3.25 cfm or refrigerant vapor.

Capacity Control System

1. Identify the numbered components indicated in the unloader system diagram,
located followmg the fill-in blanks below, by matching the component number with
the components listed below.

NO. NAME PURPOSE

Hydraulic Relay

Hydraulic Relay Piston

Ball and Spring Assembly

External Adjusting Stem

Push Pins

Control Oil Pressure fine

Capacity Control Valve

Unloader 1,4ower Element

Lifting Fork

Lifter Spring and Pins

Suction Valve

Unloader_Sleeve

11
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2. In the space immediately following the item's name, briefly describe its purpose.

3. In the unloader system diagram Shown below, color the oil pump pressure, suction
pressure, and control oil pressure according to the following color code.

a. Oil pump pressure Red

b. Suction pressure Green

c. Control oil pressure Black

4. Operate the compressor cacity control by Nrning the cylinder unloader external
adjusting stem counterclockwise until all the cylinders are loaded and record the
follpwing:

..

a. Compressor Motor Amperes

b. Suction Pressure

c. Oil Pump Pressure

d. Control Oil Pressure

e. Evaporator Temperattite
,

12 )
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Check perfOrmance of the cylinder unloader as follows:

a. Turn the cylinder unloader adjusting se.Jclockwise until one cylinder unloads
and eecord the following:

(1) Compressor Motor Amps

(2) Suction Pressure

NOTE: This is the control point. The last unloading step will cut out when the
suction pressure drops five pounds below this point. The last loading step
will cut in two pounds. above this control point.

(3) Oil Pump Pressure

(4) Control Oil Pres Sure

(5) Evaporator Temperature

Turn the unloader external adjusting stem clockwise until another cylinder
unloads.

The compressor motor is now using how many amperes ?

c. Turn adjusting stem clockwise unt* e compressor is completely un oaded
(Do not force stem. )

d. Explam how you may determine the number of cylinders that are loaded by
observing:

(1) Oil Pressure Gages

13



(2) Ammeter readings

5. Field method of cylinder unloader adjustment

a. This simple method of adjustment is accomplished in four easy steps as
follows:

(1) Place a normal operating load on the system.

(2) Fully load the compressor by turning the adjusting stem full counter-
clo*wise (all cylinders will be loaded).

(3) Let unit run until the evaporator temperature decreases to the desired
temperature.

(4) ,Turn the adjusting stem clockwise slowly until the first cylinder unloads

6. Manufacturer's method of cylinder unloader adjustment

a. A variation of sevenpounds in suction pressure is required to operate the
unloaders from fully unloaded to fully loaded positions in compressors using
R-12. In compressors using R-22, an eleven-pound variation in suction
pressure is required. Seven-and eleven-pound capacity control valve springs
are available and must be used in conjunction with corresponding refrigerants
in order to obtain proper unloader operation. if, with a given suction pres-

4' sure, the external adjusting stem is turned in until the first cylinder unloads
(known as the control point) the last unloading step will cut out when the suction
pressure drops five pounds below this point. The last unloading step will cut
in two pounds above this control point.

(1) Determine the saturation Pressure corresponding to the minimum desired
evaporator teniperature. This information will be provided by the

instructor.

(2) Determine the control point by adding 5 psi for R-12 (8 psi for R-22) to
the saturation pressure.

(3) With the adjusting stem all the way out, operate the system under the full-
load conditions to obtain a suction pressure higher than that of the control

point.

14
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(4) Reduce crankcase pressure to the control pcant by slowl front seating the
suction,service valve.

(5) Turn the control valve adjusting stem in slowly (clockwise) until the first
cylinder unloads. (One full turn of the valve stem changes the unloading
point 6 pounds.)

(6) Recheck by opening suction shutoff and then slowly closing. Observe
suction pressure gage and listen for the first cylinder to unload when
suction pressure reaches the control point.

(7) Open suction shutoff valve.

3,3,3

15
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Department of CiVil Engineering training WB 3AZR54550-2-H-2-P1
Sheppard Air Force Base, Texas'

WIRING ELECTRICAL RELAYS

OBJECTIVES

Upon completion of this project you will be able to:

Schematically wire and trace current flow through hot wire, thermal, current,
and potential relays for correct operation.

Schematically wire two and three tPrminal thermal overload protectors for correct
operation.

Standard of performance:

The standard of performance for this project is 100*percent completion errorfree.

.EQUIPMENT

WB 3AZR54550-2-II-2-P1
Pen or pencil

PROCEDURE

3

17

Basis af Issue
1/student
1/student



PART I

1. Complete the wiring diagram shown below and answer the questions that follow
the diagram.

COMPRESSOR
WINDINGS

r-

STARTING
CAPACITOR

OVERLOAD

CONDENSER FAN

COMPRESSOR TERMINALS

PLUG.IN CORD

Io o
COLD

CONTROL

CURRENT RELAY

Current Relay

2. Does the current relay require the use of the external overload protector ?

3. Must the condenser fan always be connected to the line side of the protector?

4. Must the starting capacitor always be installed between the contacts of the relay

and the compressor?

5. Is the relay operated by voltage or the run wirding current?

6. Are the contacts normally open or normally closed?

18
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PART II

1. Complete, the wiring diagram shown below and answer the questions that follow
the diagram.

, CONDENSER
FAN

PLUG.IN CORD

COLD
CONTROL

COMPRESSOR
- WINDINGS

.1

STEEL CORE

Current Relay

2. The overload protector should carry the current of which single component of the

system diagrammed above ?

3. Is the relay in the above diagram sensitive to mounting position?

4. Does the motor control have to conduct full line voltage and current?
4et;

Do the connections make any difference to the operation of the system if the
compressor common terminal is connected to the No. 3 terminal instead of
the No. 1 terminal ?

6. Is the relay diagrammed-above classified as open or enclosed?

7. What is the main disadvantage of the current type relay?
..;

19



PART LEE

1. Complete the wiring diagram shown below and answer the questions that follow the
diagram.

MOTOR

PLUG-1N CORD

Hot Wire Relay

2. Does the hot wire relay require an external overload protector ?

3. Terminals I, 2, and 3 serve what function in the operation of the relay?

4. Do the main contacts open to cut out the start winding?

6: What is the purpose of the link that connects the contact sets?

6. Is this relay sensitive to position?

7. Does the ambient air temperature affect the timing of the above type of relay?

-
8. What causes the contacts to be snap acting when they open?

9. Are the contacts nornially open or normally closed?

10. Which contacts open to protect the compressor motor if the motor is overloaded?

20
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PART IV

1. Complete the wiring diagram shown below and answer the questions that follow
the diagram.

--0-81METAL

CONTACT POINTS

NEATER

ADJUSTING SCREWS

Thermal Relay

CC°
COLD

CONTROL

COMPRESSOR

PLUG-IN CORD

2. Does the thermal relay require an external overload protector ?

3. The contact points connected to the "L" terminal will open under what operational

conditions ?

4. What causes the startin contacts of the relay to open?

5. The heater in the relay has which winding current flowing through it?

6. What is the function of the horseshoe-shaped springs in the relay?

7. Is the thermal relay position sensitive ?

21
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8. Does the thermal relay have any dummy terminals?

9. Will the ambient air temperature affect relay's operation?

10. Is the thermal relay normally used in high starting torque applications?

'

22
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1. Complete the wiring diagram shown below and answer the questions that follow
the diagram.

CONDENSER FAN

POTENTIAL RELAY

START CAPACITOR

WHITE

BLACK

RED

THERMOSTAT FREEZESTAT

COMPRESSOR TERMINAL BOX

PLUG-IN
CORD

TERMINALS -4" AND "6" ARE DUMMIES
RUN START

COMPRESSOR WINDINGS

Potential Relay

( .2. Is the potential relay operated by heat or by voltage?

3. Can terminals No. 4.and No. 6 be used Js' dummy terminals ?

4. Does the potential relay require an external overload protector ?

5. Does the potential relay require the use of a starting capacitor ?

6. 'Why is the capacitor required?

7. Must the capacitor be installed before the relay contacts or after (between the relay

and the start winding) the contacts ?

8. Voltage from which winding is used to open the relay contacts

23
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9. Why does the operating coil require a higher than line voltage to energize the coil

sufficiently to open the contacts ?

10. why iS the potential relay normally used in high starting torque applications ?

24
3 4 )
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iDepartment of Civil Engineering Training WB 3AZR54550-2. II-2-P2
Sheppard Air Force Base, Texas

1

OBJECTIVES

ANALYZING HERMETIC COMPRESSORS

Upon completion of this project you will be able to:

Check the compressor motor for opensAelrhorted motor windings.

Determine the RUN, COMMON, and START terminals of a hermetic motor-
compressor assembly.

Use the motor starting cord and motor start analyzer to check the compressor for
operable condition.

:
Standard of perforinance:

The standard of performance for this project is 100 percent completion errorfree.

EQUIPMENT

Basis of Issue
WB 3AZR54550-2-II-2-P2 1/student
Trainer, Hermetic Compressor 1/12 students
Multimeter 1/12 students
Motor start cord 1/12 students
Motor start analyzer 1/12 students
Pen or pencil 1/student

PROCEDURE,

.A

25 .
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PART I
_

DETERMINE COMMON, START, AIM itUN TERMINALS
OF A HERMETIC COMPRESSOR

1. Obtain a multimeter from the tool cabinet.

2. Select a hermetic compressor as directed by the instructor.

3. Set up and check the multimeter to read resistance

4. Draw a picture of the terminal arrangement.

5. Check the winding for opens.

a. What did the meter read?

b. What does this reading mean?

6. Check the windings for grounds.

a. What did the meter read?

b. What does this reading mean?

7. Number the terminals in your drawing 1, 2, and 3.

8. Use the multimeter and take reading across each set of terminals. Record the
reading in the spaces provided below:

a. 1 and 2 = ,

b. 1 and 3 =

c. 2 and 3 =

9. The highest reading is the and terminals.

10. The lowe,st readings are the and terminals.

41. The middle reading is the and terminals.

12. Why must the middle and lowest readings equal the highest reading?

13. Label the terminals in your drawing R, S, and C, representing run, start, and
common.

Checked by

26
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PART II

COMPRESSOR ANALYSIS

INTRODUCTION: Normally you will use a motor start-analyzer to troubleshoot starting
relays. However, if a motor start-analyzer is not available it will be necessary to use
other types of testing equipment.

1. CHECKING A STARTING RELAY (Using a plugin cord and jumper wire).

Condition: Compressor will not start. The switch IS on and electricity is available
at the starting relay.

a. Possible Troubles:

(1) Starting relay faulty.

(2) Compressor burned out.

b. Checking Procedures:

(1) Remove the electrical coraiectors at the compressor terminals.

(2) Determine the common, run, and start terminals.

(3) Connect the plug-in cord to the "common" and "run" terminals.

(4) Plug in the cord.

(5) Momentarily place a jumper wire between the "run" and "start" terminals.
Make sure the jumper wire is insulated.

CAUTION: The jumper wire must not be left in place more than one
second.

(6) Did the compressor start?

(7) What would happen if you placed the jumper wire between the "common"

and "run" terminals ?

(8) Place a clamp-on ammeter around one of the electrical conductors.

(9) What is the amperage draw?

(10) What is.the a.mperage draw on the data plate ?

27
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(11) An excessive amperage draw will indicate:

(a)

(b)

(c)

(12) The following conditions can be determined from the information gained in
the above tests.

(a)

(b)

(c)

(13) Unplug and remove the plug-in cord.

(14) Replace the electrical connection on the compressor terminals-,

(15) Have the instructor check your work.

Checked by
Instructor

2. CHECKING A STARTING RELAY (Using a pushbutton starter cord. )

NOTE: All refrigeration specialists should have a pushbutton starter cord. It is
much handier and less dangerous than usinz a plug-in cord and jumper wire.

a. Conditions and PossBole Troubles:

The same as with the plug-in cord and wire.

b. Checking Procedures:

(1) Remove,the starting relay.

(2) Connect the terminals of the starting cord to the compressor.

(a) "Red" lead to the terminal.

(b) "Black" lead to the terminal.

(c) "White" lead to the terminal.

(3) Plug in the starting cord.

(4) Pvsh the pushbutton.

28



- 04
(5) Did the compressor start?

(6) This indicates the relay is

(7) Draw a schematic of a compressor and pushbutton starter cord. Label the
compressor windings, terminals, electrical leads, and starting switch.

(8) Use the clamp-on voltmeter and check the voltage drop between the unit
and ground.

(9) What is the purpose of Step 8?

4

(10) Unplug the starting cord.

(11) Replace the starting relay.

(12) Replace all your tools and equipment.

Checked by

3. FAMILIARIZATION WITH ANALYZER

,--,.....
t

Instructor

a. Locate each of the following parts of the analyzer:

..... (1) Hermetic unit terminal color chart.

(2) Test lamp for checking continuity.

(3) Pushbutton for applying power to the analyzer.

(4) Rocker switch for reversing the motor.
I

(5) Bank of capacitors and switches.
1

N...,

(6) Three clips for cotnection to a sealed unit.

(7) Plug for connection to an electrical outlet.

b. Go to the hermetically sealed unit assigned you and complete the folic:ming
tests.

4. TEST MOTOR WINDINGS FOR CONTDIUITY
51.

a. Insert any two (2) of the plugs in jacks Number 2 and 3 on motor-start Pn21 yzer.,--

b. Connect the anatyzer to a source of electrical power.
NOTE: To check power to the motor start analyzer, turn power swite. on and
depress pushbutton switch. If power is available, the test lamp on the analyze-
will light.

29
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c. Remove wiring from the refrigeration unit. Refer to color chart and locate
the "start," "run," and ,"common" terminals. (Use bench compressors.)

d. Place one test clip on the "common" terminal. Touch the other clip to the
"start" terminal, if the test lamp on the analyzer lights, the starting winding
is good.

e. Repeat the above test using the "common" terminal again and touching the
second lead to the "run" terminal.

The above tests indicated

5. TEST FOR GROUNDED WINDINGS

a Set up motor start analyzer by inserting any two plugs into jacks Number 2
and 3.

b. Clip one lead to the motor-compressor case. Make Sure it is making good
contact.

c. Turn power switch ON.

d. Take the other clip and touch the "run," "start," and "common" terminals
successively. If the lamp does not light, the windings are not grounded to
the motor-compressor case.

The above test indicated that the winding(s)

6. START THE UNIT WITH THE ANALYZER

a. Plug the analyzer into a power source and press the pushbutton. The lamp
should light giving an inrtion of power.

b. Disconnect all leads from the refrigeration unit.

c. Connect the clips to terminals corresponding in color to the leads.

d Refer to the color chart and insert the plugs into the analyzer in accordance
with the color chart.

e. Remember, when you are starting the unit with the analyzer you are bypassing
the starting relay, and with capacitor start motors, you must use the
capacitor in the motor start analyzer.

30
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Department of Civil Engineering Training WB 3AZR54550-2-17-2-P3
Sheppard Air Force Base, Texas

WIRING COMMERCIAL sysTtM8

OBJECTIVES

Upon completion of this project you will be able to:

Wire a magnetic line starter with line, load, and control circuits for correct
operation.

Wire temperature motor controls, high and low pressure motor controls, and
compute the adjustments required to maintain the desired conditions.

Wire an oil safety control and compute the adjustment required to provide
adequate protection.

Wire an automatic deirost control system and compute adjustments required to
assure proper defrosting.

Standard of performance:

The standard of performance for this project is 100 percent completion errbrfree.

EQUIPMENT

Basis of Issue
WB 3AZR54550-2-I1-2-P3 1/student
Pen or pencil 1/student

PROCEDURES

33
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PART I

MAGNETIC LINE STARTER WIRING

1. Study the components in the illustration below.

2. Using the diagram, connect all the components of the system to represent the
*wiring.

IMOTOR 0 I
CONTROL 0 1

-

THERMAL OVERLOAD

0

COMPRESSOR TERMINALS

Motor Starter
34

3 I
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1

0
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PART II

... TEMPERATURE MOTOR CONTROL AND PRESSURE MOTOR

'....." )

CONTROL ADJUSTNIENTS

NOTE: The electrical diagram shown below is a temperature type motor control
used in a display case.

1. Complete the wiring diagram based on a temperature tYpe motor control.

DISPLAY CASE ELECTRICAL SYSTEM

CONDENSER FAN

COMPRESSOR
MOTOR

OVERLOAD

e

A BOARD

POTENTIAL

RELAY

-

35

MOTOR CONTROL

-

32:7

- - -



2. Complete the wiring diagram below based on the use of a combination high/low
pressure type motor control.

NOTE: The motor control used in the diagram below is the low pressure/high
pressure combination type.

DISPLAY CASE ELECTRICAL SYSTM

CONDENSER FAN

COMPRESSOR
MOTOR

MOTOR CONTROL

OVERLOAD

START CAPACITOR

POTENTIAL

RELAY

RUN CAPACITOR

a [0

CCO-040

3. Compute adjust:gents to maintain desired temperature in the Display Case.

36
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PART III

ADJUSTING MOTOR CONTROLS ON COMMERCIAL
REFRIGERATION UNITS

NOTE: There are several different manufacturers producing both pressure and
temperature motor controls that are used on various types of commercial refrig-
eration units. If you tmderstand the principles of operation and adjustment of one
manufacturer's controls, you can figure out any of the others very easily.

PROBLEMS:

Adjust the motor control to maintain a temperature of 15° to 25° in a walk-in box
(assume an evaporator TD of 100 unless otherwise stated).

1. Draw a condition chart as illustrated.

Box Temp Evap Temp Suction Pressure

Cut-in

Cut-out

Condition Chart
14.

2. Place the required cut-in and cut-out temperatures in their respective places. In
this case, the cut-out is 15 and the cut-in is 25.

NOTE: At cut-in, the evaporator temperature and box temperature will be the
same (the evaporator fan continues to operate and the compressor is off).

3. Place 250 under evaporator temperature.

NOTE: At cut-out, the evaporator temperature is 100 less than the box tempera-
ture. This is due to the fact that Vie are using a 10°-TD evaporator.

4. Place 5° under evaporator temperature.

5, Use your pressure-temperature relationship chart an& look up the refrigerant
(R-I2) pressures for 25° and 50 . In this case, it is 24. 6 and 11. 7, respectively.

6. Place 24. 6 and 11. 7 in the condition chart.

7. Subtract 11.7 from 24. 6;. this gives yotthe pressure differential. It is 12.9.

NOTE: Up to this time, we have not considered the type of manufacturer of the
motor control being used. With the information available in the condition chart,
we can adjust any type of motor control to maintain the required temperatures.

r

37
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8. Fill in, the blanks for the following co,trols.

16R4

x
..,

Box Temp Evap Temp Suction Pressure

Cut-in

Cut-out

BANCO

Box Temp. Evap Temp Suction Pressure

Cut-in

Differential

9. Have the instructor check your work.

Checked by

38
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Mile
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. PART IV

WIRING OIL PRESSURE SAFETY SWITCH

1. Study the components in the diagram. below.

2. Complete the wiring for a three-wire oil pressure switch.

Ttiree-Wire Oil Pressure Safety Switch

3. Study the components in the diagram on page 40.

4. Complete the wiring for a four-wire oil pressure switch.

t'

T 1 T 2 T3

TO COMPRESSOR

CMC 0128

Four-Wire Oil Pressure Safety Switch
39

353

T 1 T2 T 3

TO COMPRESSOR '

CMC-012A

sr



5. trse a red pencil and connect the units of the control circuit in series.

6. Use a. blue pencil and connect the units of the pressure operated circuit in series.

ON-OFF LEVER
OPENS AND CLOSES
CIRCUIT BREAKER CIRCUIT) BREAKER) CIRCUIT

LINE

os"
L-I 0 L-2 L3

C=1 c= INSULATOR=

HOLDING COIL

OT-2

0

THERMAL OVERLOAD
SWITCHES

COMPRESSOR MOTOR

BELLOWS

SPRING

CRANKCASE
PRESSURE

LP IHP

T.3

LOAD CIRCUIT

BELLOWS

OIL PUMP DISCHARGE PRESSURE

40

HEATER
ELEMENT

RESISTOR

HEATER
ELEMENT

THERMAL
OPERATED
SWITCH

MOVING CONTACT PRESSUE
OPERATED

STATIONARY CONTACT SWITCH

. 5 4
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7. Have the instructor check your work on the preceding page. Any corrections should
be corrected on the drawing below.

ON-OFF LEVER
OPENS AND CLOSES
CIRCUIT BREAKER

C=I

1.11/4`

LINE
aRCUIY) BREAKER)

/1".
CIRCUIT

L.2 OL.3
1== INSULATOR=

HOLDING COIL

T-I T.2

0

T.3

THERMAL OVERLOAD
SWITCH ES

COMPRESSOR MOTOR

BELLOWS

SPRING

CRANKCASE Vr;
PRESSURE

HP
CrIS

LOAD CIRCUIT

HEATER
ELEMENT

OIL PUMP DISCHARGE PRESSURE

4.1

RESISTOR

HEAYER
ELEMENT

THERMAL
OPERATED
SWITCH

MOVING CONTACT PRESSUE
OPERATED

STATIONARY CONTACT \ SWITCH

355



PART V

WrEUNG AUTOMATIC DEFROST SYSTEMS

1. Using a pencil, draw lines to represent wire to the components illustrated below.
Upon completion of this you will have wired a defrost system.

0

11

reo,

TROUGH HEATER

11 jUllifielr

MOTOR

COLD CONTROL

RELAY

COMPRESSOR

SAFETY
CONTROL

OPEN 37 F
CLOSE 24 F

Automatic Defrost System

42,

DEFROST
HEATER
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INSTRUCTIONS; Answer questions 2 and 3 while referring to the deirost system
electrical diagram shown below.

PUMP
DOWN

SOLENOID
VALVE

1

I DEFROST RESET
TIMER SOL

EVAP FANS

TEMP
CONTROL

DEFROST
)1EATERS

CMO-0

2.\What devices will cLegnergize when the main timer contacts open?

3. en are the heater eleinents energzed?
a,
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Department of Civil Engbieering Training
Sheppard Air Force Base, Texas

WB 3AZR54550-2-II-2-P4

OPERATION AND ADJUSTMENT OF MULTI-EVAPORATOR SYSTEMS

OBJECTIVES

Upon completion of this project you will be abre to:

Cperate and adjust a multiple evaporator system to maintain a different tempera-
ture in each space.

Standard of performance:

The standard of perfonmance for this project is 100 percent completion, erroriree.

EQUIPMENT

WB 3AZR54550-2-11-2-P4
Pen or pencil

PRCCEDURE

4111
Basis af Issue
1/student
1/student

Accomplish all preoperational checks listed below prior to operation at the trainer
and observe the listed procedures closely during all operations.

1. Locate trainer assigned by instructor.

2. Perform preoperational checks for:

a. Frayed or loose wiring.

b. Refrigerant Hie connections for security of fittings.

c. Master switch for OFF position.

d. Condenser fan switch for OFF position.

e. Removal of all obstructions.

3. Operational safety cheeks.

a. Wear goggles while operating trainer.

- br. Install manifold gages.

c. Place suction and discharge service valves in gage position and open king valve.

d. Observe manifold gage assembly for proper operatin res .

t
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4. Open the manual v ves and turn thermostats,to their coldest setting.

NOTE: This will bypass the evaporator pressure regulator valves and the solenoid
valves will remain open.

5. Adjust the pressure control to cut-in and cut-out at a selected box temperature
r ange.

a. Cut-in psi

b. Cut-out psi

6. °berate the system.

7. Check the box temperature with a thermometer.

8. Make adjustments, if necessary, to maintain temperature range.

9 When the pressure in the common suction Ithe r hes the cut-out point on the

,

pressure control, the unit will ,

10. It starts again when the'suction pressure reaches psi.

11. Have instructor check your work.

12. We will now operate the trainer as a solenoid valve multi-temperature system.

13. Adjust the thermostats and pressure control for desired box temperatures.

a. Box 41 °F

b. Box 42 GF

c. Box 43 °F

Operate the trainer.

14. Have the instructor check your trainer when it cycles on the correct temperatures.

15. The trainer will now be operated as an evaporator pressure regulator system.

16. Close the manual bypass valve.

17. Turn thermostats to their coldest position.

NOTE: This keeps the solenoid valves in the OPEN position.

t8. Sezvice the system for operation.
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19. Adjust the EPR valves and, motor control for desired box temperatures.

a. Box #1 °F

b. Box #2 °F

c. 13Ox #3 oF

20. Cperate the trainer.

21. Have tie instructor check your trainer as it cuts out at destgnated temperature
settings.

22. Pump system down, using proper procedures.

23. Wear gnggleand backseat service valves and remove manifold assembly.

24. Postoperation checks.

a. Check all switches for OFF position.

b. Disconnect electrical power supply.

25. Have instructor check your work.

Checked'by
Instructor

47
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Department of Civil Engineering Training SG 3AZR54550-2-III-1
Sheppard Air Force Base. Texas 3 Septrber 19'74

AIR MOVEMENT, CALCULATIONS,
AND PSYCHROMETRICS

OBJECTIVES

This study guide will help you to understand the principles of air movement and
air nio%ement measuring devices, basics of pthychrometric plots, heat load estimates,
and calculations used to determine conditioned air requirements for a given space.

INTRODUCTION

If you look at air condiuoning carefully, you'll see that air itself is used to condi-
titim the occupied space. Tu properly condition the space, The air-conditioning spec-
ialist must be able to analyze the air in the room and then supply the right amount of
conciitionea air. The heat load must be known to insure the proper rate of heat removal.
Heat load estimates gie the technician an advanced knowledge of the cooling job to be
done.

AIR-CONDITIONING FUNDAMENTALS

Development

To make a study of air conditioning logical and thorough, we should ask "What is
air conditioning?" "What has man done to make his environment more comfortable?"

Fire has been used by man in many ways since prehistoric times to help keep him
warm. Fireplaces, stoves, furnaces, hot water, and steam boilers each were a for-
ward step.from an o en fire. Steam boilers, developed to power engines, soon led to
the use of the steam leating coil.

During the 1920s, air conditioning used to cool the air began to go into public build-
ings. This development evolved from the meat packing industry, which was using
mechanical refrigeration for cold storage of meats.1 Cooling coils from these ware-
houses were installed in offices. It was from these coils that the first forms of me-
chanical comfort cooling were effected.

The study of moisture in air evolved in the clothing industry. High humidities were
essential for clothing manufacturing processes. The majority of the clothing plants
were lucated in seacoast cities. HoweVer, even in these locations, days occurred when
the weather was dry enough to cause the cloth fibers to become brittle so they could not
be handled by machines. The methods used to increase the humidity were to spray water
directly into the room or to blow air through spray chambers and then into the room.

Definition of Air Conditioning

The legal definition of air conditioning was developed under the direction of the
Ftaeral Trade Commission. The definition was worked out be representatives of ail
interested industries and states; Air conditioning is the automatic control of tempera-
Lure, humidity, air motion, and filtering.

1
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The American Society of Refrigeration and Air-Conditioning Engineers goes into a
little more detail. They define air conditioning :'as the simultaneous control of all, or
at least the first three, of those factors affecting bo-th the physical and chemical condi-
tions within any structure. These include: temperature, humidity, motion, distri-
bution, dust, bacteria, odors, and toxic gases which affect human health and comfort.

Let us discuss each of the above Points in more detail.

Control of Temperature

The control of temperature means cooling the air when it is too warm and heating
it when it is too-cold.

r
The design, installation, and servicing.of cooling and heating systems in the past

have been done primarily by a specialist trained in the specific area. With the advent
of moderg, year-round systems, specialists are being required to know enough of the
overall system to effectively design, install, and service both modes of operation.

Corvol of Humidity

When air is cooled below the dewpoint, it will be dehumidified. In an area of high
humidity. removal of moisture is much more importamt than the cooling process. This
is commonly done by mechanical refrigeration during the cooling process. The cooling.\
coils are kept cold enough to condense the unwanted moisture from the air. The big
problem is to balance the dehumidification against the cooling required.

0

When air is heated. moisture must usually be added to prevent the air from being
too dry. In small systems, this may be accomplished by various types of water pans
or water evaporators directly in the furnace housing or in the airstream. Large sys-
tems usually require air washers for adding humidity. In industrial applications, water
or steam may be sprayed directly into the heated space.

Air Motion

A cooling or heating system is useless if the processed air cannot be distributed
to the areas where it is needed. The best system in the world will not give satisfactory
results J the air is improperly distributed. Fans and ducts must supply air to all parts
of the conditioned space without objectionable drafts. This, of course, requires a
thorough knowledge of fans, duct systems, registers or diffusers, and distribution
systems. /
Air Purity

The refrigeration specialist must know how much fresh air needs to be added to the
air recirculated from a space. He must have a knowledge of the common contaminating
substances in air such as dust. bacteria, odors, and toxic gases, and their effects.
He neeas to know how they can be removed and to what degree of purity it is worthwhile
to remove them. This knowledge is Qs.sential for an air-conditioning specialist to per-
form effectively.

N,
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Automatic Control

All the facts mentioned previously must be put together in a properly coordinated
system. The system must then be made to automatically vary the condition of the air
as required. It must balance the load of changihg temperatures and humidities. It
must take into account the number and activity of the occupiltnts in the conditioned space.
It must compensate for the effect of lights, motors, appliances, and anything that may
add heat to the space. All this must be done smoothly and automatically to keep the
occupants comfortable and satisfied.

The best and most expensive air-conditioning plant cannot give the desired results
if it is not properly controlled.

AIR-MEASURING INSTRUMENTS

One of the functions of an air-conditioning system is to deliver the proper amount
of air to an area at a specific time. It is the air-conditioning specialist's job to know
if the system is conditioning properly. There are several instruments on the market
that measure the velocity of the air. We will measure the velocity of the air using some
of these instruments. There are two basic factors that determine the amount of airfiow:
the velocity or rate of air movement and the area that it must pass through. When talk.-
ing about velocity we use the term, feet per minute. There ar,e three types of instru-
ments commonly used in the field to measure airflow.

- All. of these instruments measuge velocity in fpm,gLairflow. Readings can be
taken at the following locations: return air duct (RA), supply air duct (SA), outside
air duct (OA). inside the duct system, and at room diffusers, and registers.

Angnometer

The anemometer is an instrument
used to measure air velocity in linear
feet per second. This meter is com-
posed of the fan housing, three dial faces,
and the propeller which is turned by air
movement. The propeller drives a gear
mechanism which operates the dials.
There is an engaging lever and a reset
lever on top of the dial face.

In using the anemometer, we nor-
mally take readings at the duct face, The
fac.fershould be divided into equal 6" squares.
If a duct measured 24" X 18", there would be four 6" squares across .the length, and
three 6" squares across the height. This gives a total of 12 (4 X 3) equal 6" squares
of surface area as shown in figure 1.

24"
t I t

1 1
1

I 1 2 I 3
1

4
46- 6 6

I I I
I

I
I I
1

5 ! 61- t 7 I 8
6 6 - 6

I I I,---- 6 ----3--- 6 ..-4-- 6, 6 --
1

I I I

9 I 10 t 11 1 12
6 6 6

I I
I I i

18"

CMF -039

Figure 1. Calculating Duct Surface
Area

At each of these-six-inch openings, the anemometer is used for 10 seconds. The
resulting time lapse f6r the total air measurement is expressed as elapsed tinie and is
obtained by multiplying the number of squares by ten. For example: 12 xto = 120
seconds.
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To operate the anemometer, place the instrument into the stream of air being
measured, Allow the propeller to reach maximum speed. Then trip the engaging level
and hold it in the same location for 10 seconds. MOve to the next area(s) and hold for
10 seconds until all of the 6" areas have been measured. Trip the lever to the OFF
position.

Read the anemometer by reading the dials in the following sequence:

1. Left dial.

2. Right dial.

3 Center dial (large dial).

If the indicator on the two smallei dials is between any two numbers, take the read-ing of the lesser number. Read the large dial exactly as indicated on the anemometer
in figure 2, the left dial reading is 8000, the right dial reading is 300, and the center
dial reading is 80. Therefore, combining the numbers in the proper sequence, the
resulting anemometer reading is 8380.

Where the elapsed time is more or less than one minute the following formula is
used to convert the anemometer reading to fpm velocity:

be

Fpm .,.. ANEMOMETER READING (AR) X 60
ELAPSED TLVIE (ET) (in seconds)

To figure the fpm of the previously discussed duct measurement, the answer would

fPm - AR X 60 or 8380 X 60 = 8380 = 4190 fpm.

ET 120 2

SE -005A

DIAL

PROPELLER -
VANE

ANEMOMETER

Figure 2. Anemometer Reading (AR)
4

3 66

SE -0351

(
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Inclined Manometer 3L1io
The manometer family of air-measuring instruments contains various types and

styles:however, we will limit the study of manometers to one type, the inclined ma-
nometer The manometer is used to measure the pressure of air in inches of water
Within thec,duct system. we find two predominant pressures, static and velocity. Static
pressure is the outward pressure of air in all directions. Velocity pressure is the
force exerted by the movement of air in the direction of flow. Oftemit is impossible to
get the manometer into the airstream to measure the pressure. The pitot tube was
developed to allow access to the internal sections of the duct in hard to get to areas.
In reality, the pitot tube is a tube within a tube as indicated in figure 3.

VELOCITY PRESSURE --0-
o

STATIC

TOTAL-\

MR FLOWp-
0

I

STATIC PRESSURE

STATIC
PRESSURETOTAL

PRESSURE -2)--1

(F

vELOCITy PRESSURE
SE -024

Figure 3. Pitot Tube and Manometer Installed

The pi.tot tube is inserted into the airstream into the forcing flow. Velocity (total)
pressure goes into the center of the assembly to the manoineter, forcing the oil cohimn
(graduated inclined tube) in the meter downward. The static pressure enters the small
ports surrounding the tube to the manometer forcing the column of oil in the meter tube
upward. Where the column stabilizes between the opposing pressures, the reading is
taken from the graduated scale.

The pressure indicated on the manometer, as connected in figure 3, is known as
pressure of yelocity. It is represented as PV in the conversion formula used to con-
vert pressure into feet Per minute. To convert pressure of Velocity into fprn, the fol
lowing formula is applied:

fpm = VT5VX 4005

fpm - the number of feet of air which passes a point in a duct in one minute

symbolizes square root

PV pressure of velocity as read on the inclined manometer



X multiplied by

4005 is a standard number based on the velocity of standard aix.

Standard air is air at 700F dry bulb and'14.7 psia (se "evel). Standard air weighs
.075 los per cubic foot. A pound of dry air occupies 13.34 cti ft of space.

Velometer

The velometer used to measure air movement is a rugged mechanical system,
soundly engineered for very concise readings. Inside the meter, air impinges On an
aluminum vane to move the pointer. This vane travels in a calibrated ai x. chamber or
tunnel constructed airtight to provide a desirable scale distribution. The moving sys-
tem is balanced by counterweights to provide accuracy in all positions. The moving
system is equipped with bronze hairsprings and moves on monel pivots which ride in
sapphire lewel bearings. Some velometers are equipped with filters to protect them
from extreme dust conditions. When a filter is supplied with the instrument, the filter
is an uitegral part of the instrument and must be used. If the filter is left out, the in-
strument will give a false reading.

To measure velocities at supply openings, attach the proper jet by means of the'
appropriate tube and tube fittings. To determine the average velocity, mentally divide
the opening into a number of equal areas. Take a reading at each of the areas and aver-
age the readings. There is no exact rule for the number of readings that must be taken,
but the more that are taken, the more accurate the average. It is recommended that a
min'mum of siX readings be used.

To measure the air velocity at the suction opening, connect the proper jet by means
of the tube and tube fittings to the right-hand port of the meter. While taking the read-
ings, hold the jet so that it is perpendicular and the tip is in the same plane as the open-
ing, This is very important because the velocity changes very fast in front of a suction
opening. To measure velocities inside of ducts, use the duct jet called for in the man-
ual of instructions. The duct jet should be inserted into the left-hand port. Read the
scale marked with the number of jet being used.

Calculating Cubic Feet per Minute (cfm)

After establishing the fpm, the cfm for a duct can be established by using the
formula:

cfm = fpm X duct area (sq ft) of its croSS Section or opening

Once the cfrn has been establish d, w
added to the space under consideratio

e can calculate the total pounds of air being,

fmlbs of air = c or cfm X specific densityspecilic volume

NOTE: Remember if no means is provided for finding specific volume,
use the value for standard air - 13.34 cubic feet per-pound or ,. 075 pound
per cubic foot.

6
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After finding the totalpfunds of air, the total Btu content or the latent and sensible
heat content can be calculated using the formula:

Total Btu .4-- lb of air X HCD

Total latent Btu = lb of air X HCD (latent)

Total sensible Btu = lb of air X HCD (sensible)

NOTE: HCD qands for heat content difference.
HCD can be determined mathematically or
by use of the psychrometric chart.

Earlier in this course, you learned to convert total Btu into tonnage by dividing by
12.000. If tonnage is to be found in conjunction with these formulas, substitute 200 Btu/
minute in place of the standard 12,000 Btu/hour.

Capacity Check Formula

To find out if the system is performing to designed standards, use the quick check
formula for determining output of a unit. This formula is

cfm X . 075 X HCD Tonnage
200 Btu/min

AIR DISTRIBUTION -e4a0

Air distribution systems direct.the air from the air-conditioning equipment to the
conditioned space.and return it to the equipment. The simplest combination of fan,
duct. and outlets usualjy result in the best system. The more elbows, dampers, and
fittings in the duct system, the more complex it becomes.

Air is moved by mechanical means in an air-conditioning system. This is accom-
plished by means of a wheel or blade imparting a force on the air so that it will leave
the air moving assembly in a forward motion to reach a desired destination. Fans are
classified into two major categories: axial and radial.

Types of Fans

AXIAL FANS. These fans move air in a flow'parallel to'the shaft. fheair will
have a spiral motion but will be moving in a parallel plane. Axial fans have three blade
classifications.

7
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-Propeller Fan Blades. Propeller
fan blades are found on the pedestal or
table fan common to home use. Fans
of the r:eiling variety use propeller-blades
These fans are used to move air within a
given area (circulatiOn). Normally they
have a safety shroud around them and
operate satisfactorily against static
pressures of.1, 2 to 2, 3 inch water pres-
sure. They can be used only if low pres-
sure air movement is required and nor-
mally are used for exhaust or ventilation
purposes. They can be direct drive or
belt-dri,en. see figure 4.

Figure 4. Propeller.Faii

Tube-Amal Fans. These fans are used for heavier duty air movement. They are
built fur mounting in duct work; whereas the propeller type ig mounted anywhere it is
convenient such as in a wa14 or on a pedestal. Since the air moves at a higher velocity,
the increase of the spiral movement incurs greater duct pressure losses and increases
the amount of noise in a duct system. For this reason, they are normally used for in-
dustrial applications where noise is a minor consideration. The tube-axial fans can
develop pressures up to 1 1 2 to 3 mches of Water pressure. They are also direct or
belt driven. The propeller fans of all types have the added characteristic of using the
most power at maximum air delivery, see figure 5.

Figure Z. Tube-Axial Fand

Vane Axial Fans. These fans
installed in. the fan housing. 'The
ok the air. This offers the added
vane axial fan, can produce press

s-

Figure 6. Vane-AxialFri

are eality nothing but a tube-axial fan with vanes
are used to straighten out the spiraling motion

tor of.less noise and increased efficiency. The
es up_to 3 inches of water pressure, see figure 6.
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RADIAL FANS. Radial fans move air by drawing it in parallel to the shaft but dis-
charging it vertically or radially to the shaft, figure 7. This means that the air is dis-
1..harged at a 900 angle orglane from the shaft of the fan. The centrifugal or radia. fan
Consists theel ksomeumes called a squirrel cage) mounted horizontally on a iihaft.
Arnie rotates within a housing. Air enters parallel to the axis through the fin housing.
Th :nay enter at either one or both ends of the wheel axis. The centrifugal fan
operates with less noise but consumes more power under maximum air delivery as
comparea to an axial fan. Air-conditioning specialists often refer to centrifugal fans

blwerr)

Figure 7. Fan Blades

There are a number of factors which are used in the determination of the fan type
be used for a particular application. They include:

a Unit size

Drive motor selected

O Internal layout of the unit

-0 Shape of the coil

Resistance of system ducts

Fans are used to ventilate (induce fresh air), circulate the same air in a system,
or exnaust odor-laden air which is part- of the ventilation-circulation process.

Classification of Ducts

Ducts are available in square. rectangular, and rounUkiapes. Economically,
rouna ducts are preferred because they carry the niost airn les's space. ,Rectangular
duc:s may Oe preferred because they confarm better to the (building) design and where
there are space limitations. In many systems, rectangular ducts are used for the
plenum section and round ducts are used for branch runs.

Ducts are made from a variety of materials such as sheet steel, aluminum, fioer-
glass. tile, and cement. Each has advantages and disadvantages. For example, sheet
steel is heavier than aluminum but it costs less. Aluminum and fiberglass are not as
apt tO corrode. Tile ducts may be more suitable to slab-ty0e construction. It will
depend on the applicatiOri as ,to what type duct system is installed..

9
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Air Outlets
.......-

.r
Many types of outlets are available and are designed to provide proper control-of

the thstribution of air or the return of air from the room.

SUPPLY OUTLET. A wall. ceiling, or floor opening through which air is deliveredto a room.

(RETURN OUTLET. A wall, ceiling, or flobr opening through which air is ex-hausted or returned to the unit.

GRILLE. An outlet without a control damper which-is usually used on return airDr- exhaust systems.

REGISTER. A register is a grille which has a control damper to control airflow

DIFFUSER. A diffusPr is an air delivery device so arr.anged as to promote a mix-ing of air entering the room.

BASIC PSYCHROMETRICS -
-

Air s the primary medium that is used to control the conditions in the controlled
space Itr can be used to control the humidity and temperature for three general uses:
personnel or comfort coolmg, equipment cooling,- and process cooling. New applica-
nons for air conditioning are continually being fouhd.

-
.The purpose of air conditiomng is the control of temperature, control of humidity.

fthration of the air. and air movement.

The field of psychrometric study is a breakdown of the various properties contained
m the ai: and a graphic analysis of the air conditions. If the specialist understands all
he can about the air being used, the understanding of the equipment operation becomes
rnor realistic.

Psychrornetrics is defined as the study of air and its related properties. As you
know, air contains some moisture (humidity). However, let us consider the other
properties relating to graphic analysis of moisture laden air. Air is a mixture of highly
superheated gases. About 78 percent of the air is nitrogen., 21 percent oxygen, and the
remaming one percent is composed of minute quantities of other gases such as carbon
dioxide, argon, neon, ozone, hydrogen_, helium, and krypton._ All of these form the
air that we breathe. and use for air conditioning. Air exerts a force' of 14. 7 psia on the
surface of the earth at sea level. Air and water vapors are mixed, occupying the same v
space and following Dalton's law of partial pressure. "The pressure of a mixture is the
sum of the partial pressures of the constituent gases... . Vapor pressures are regu-
lated oy the movement of the molecules at the surface of the substance. For example.
water at a temperature of 2120F has a vapor pressure of 14. 7 psia.

1
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Temperature of the Air

Temperature is the measurable heat contained in a vlume of air, read in degrges.
It can Ue expressed as degrees Fahrenheit or centip.ade, depending on the scale being
used In the psychrometric analysis, such temperatures as dry bulb, wet bulb, dew-
point, saturation. and apparatus dewpoint temperatures are considered.

Humidity r;i the Air

Humidity :s the moisture vapor contained in the air. There are, generally speak-
ing, two humidity expressions: specific humidity and relative humidity. Specific
humidity is the actual moisture contampd In the air or the grains of moisture content.
Re latie humithty is an expression of the specific humidity in rielation to the volume.

Heat C-ntent the Air

This terr -. refers to the heat contained in air at a given condition. It is measured
in Britisn thermal units kBtu). It is also expressed as the enthalpy Remember. that
a Btu is the amount of heat required to raise the temperature of one pound of water one
de_zree Fahrenheit. Based on this standard are other standards such as onVon of

reirieration. We know that ice absorbs heat when it melts. One ton of ic'e requirc<"'
236.000 Btus to melt Ii a ton of ice melts in 24 hours, it absorbs heat at the rate ot
12.000 Btus hr. 200 Btus min, or 3.33 Btus, sec. Any of these values equals one ton
Pi refrigeration.

V,iiurne of the Air

.Air as' any substance, must occupy space. This space is yolume, and is expressed
in cupic zeet. The volume of air or its pressure varies with the heat contain d. As the
temperature increases so does the volume, provided room for expansion *sts.

there is no room for exTansion, the pressure inereases due to the limitations impos d
by tne container.

In the Case of unconfined air, the piessure remains constant. The air volume
changes with the heat content. A volunie of air contracts or expands 1/460 of its volume
at 0°F for each degree of temperature 'Change. If absolute zero (-460°F) was reached,
the volume would shrink to zero as well. Although this strictly theoretical and has
never peen achieved. it does point out the relationship of temperature to volume Spe-
cific volume is the number of cubic feet of air that it takes to weigh one pound.

Weight of the .Air

If the air has ail of the foregoing properties, then it must be concluded that it has
weight. This weight is referred to as specific density (SD). The psychrometric chart
will provide the basis for computing the density The specific volume is known as
cumc feet of air per pound, of dry air The weight of the air is dependent on the amount
of moisture contained in the air. We will use the constant of one (1) which is divided by

specific volume iSV) obtained from the chart. If the SV is 13.34 cu ft then the SD will
be 075

. 075
13,.34 17.7
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It can he noted that as the specific volume increases, the density of the air decreases.

NOTE: SD of .075 is an accepted industry standard for normal temperature air.

PSYCHROMETRIC CHART.

The psychrometric chart is the tool used to analyze the relationship of the proper-
ties of the air The specialist should master at least the meaning of the chart to pro-
perly understand the air thateing conditioned.

The relationship of the properties of the air are graphically illustrated on the
psychrometric chart as a series of lines and curves that have been scientifically for-
mulated .o show the whole picture of the air being studied.

The comparison of the lines and curves at intersecting points of the scales on the
chart gives us a very comprehensive analysis of the air being studied. More than one
conditior may appear on the chart to give us more accurate analysis and true operation
of the system in consideration.

Sling Psychrometer

The sling psychrometer is the instru-.
ment that is most often used to obtain the
basic values needed to work a psychro-
metric problem. The sling psychrometer,
see figure 8. is an instrument that is very
basic in desip and operation. There are
two standard thermometers mounted on a
holder with provisions for the device to
be whirled in the air. One of the thermorn.-
eters has a sock attached to the bulb, which
is moistened in distilled water prior to sling-
ing of the instrument. The slinging of the
instrument will pick up two temperatures.
One is ambient or dry bulb temperature;
the second is wet bulb temperature.

The operation of the psychrometer is
'very simple., The wet bulb sock is saturated
with distilled water (because there are no
mineral deposits in the water that will form
residual- scale deposits following evapora-
tion). Then the instrument is whirled in
front of the individual for about 30 seconds,
read and then whirled for another 15-30
seconds and read a second time. Figure 8. Sling Psychrometer

During this process, air passing through the sock causes evaporation. The evapo-
ration coots the wet bulb thermometer below the dry bulb temperature. The amount of
cooling depends on the amount of moisture that is in the air being measured. The drier
the air, the higher the evaporation rate. which increases the difference in temperature.
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The reason for taking more than one reading is to insure the maximum reading is
attained. .

The cafference between wet bulb temperature and dry bulb 'temperature is known
as wet bulb depression.

Ps-ychrometric Chart Scales

Once the dr:. twib temperature and wet bulb temperature have been obtained, they
(..an ue plotted fni the ps..chrometric chart. To know what we are doing, we must learn
tne scales that are reaa on the psychroinetrK chart. The..psychrometric chart con-
tains numerous connecting lines and curves which have corresponding scales. These
lines ana curves are read at intersecting points.

,

In figure 9. the scales are identified. Figures that accompany the explanation of
terms and definitionriTol-rec- the names of the lines corresponding to each st--of,

scaies. There are ify.'e scales that are used on the psychrometric chart. Sope of-the.
reaaings are scale differential readings.

,

.0

z

POUNDS OF MOISTURE
GRAINS OF MOISTURE

20 DRY B LB SCALE 60

Figure 9. Psychrometric Chart Scales
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TERMS. DEFINITIQNS. AND PLOTS

Dry Bulb Temperature (DB)

i Dry bulb temperature is the' ambient air temperature read on a standard thermom-
eter Dry bulb plots will aprkar on the vertical lines of the chart which correspond to
the dry tulb scale located along the bottom of the graph. Dry bulb is plotted by locating
the indicated condition on the scale, and drawing a vertical line corresponding to the
temperature value as shown by the heavy line in figure 10.

..
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Figure 10. Dry Bulb Line

CIM -044

Figure 10 is a representative sketch of the_dry bulb temperature portion of a psy-
chrometric chart. A complete psychrometric chart has a vertic31 line for each degree
of temperature. Usually, every fifth line is numbered with its corresponding tempera-
ture. The common range for a psychrometric chart is from about 20°F to 105°F. his
type of arrangement makes it simple4o plot any dry bulb temperatufe on the chart to
the nearest degree. The remaining figuires*in this series are also sketches and do not
incl:ide all the lines on the psychrometric chart:
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Wet Bulb Temperature (WB)

555Wet bulb temperature is the temperature at which air ceases to be cooled by the
process of evaporation. Wet bulb temperature is determined lpy the sling psychrom-
eter preiousll, described. Keep in mind that the sling psychrometer can only be used
etiecti% el} if the ambient temperature is above 32°F because water freezes at any
temperature below that point. You will notice the slope of the psychrometric chart ,

changes to smaller increments as temperature drops in intensity. Wet bulb tempera-
ture is plotted from the temperature values given on the saturation or wet bulb scale.
FJ plHt a :t,et bulb temperature. start with the corresponding temperature reading on
the wet bulb scale The wet bulb temperature is plotted on the diagonal line that ex-
tends to the right and downward from the wet bulb scale. A wet bulb plot is shown bc
Inc neav:, line in figure 11. It is not necessary to extend the wet bulb line past its
intersection with a previously plotted dry bulb line:

CY-045

Figure 11. Wet Bulb Line
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Relative Humidity (`; RH)

Relative humidity is the ratio of the amount of moisture in the air compared to what
the air could hold at thessame temperature.

It is a percentage expression of the grains of moisture contained in the air. Rela-
tive humidity is read on or between the Curved lines on the psychrometric chart. These
hnes are valued from 0-100 percent. The saturation curve is the 100 percent RH line.
Relative humidity is read at the point of intersection of the drybu1b and wet bulb lines,
as shown in figure 12.

Figure 12. cO.Relayve Humidity

Dewpoint (DP)

Dewpoint or saturation temperature, both terms mean the same. Dewpoint or sat-
uration temperature is the terhperature that allows moisture to condense on a surface
This is exemplified by the droplets of moisture, called dew, found on the grass in the
warmer months. or by the frozen dew (frost) in the winter months. Windows or con-
tainers that sweat, have a differenet of temperature on the sides of their surfaces and
are examples of dewpoint temperature being readied. Dewpoint is plotted on the hori-
zontal line of the psychrometric chart that extends from the point of %RH to the satura-
tion curve and the value is reau at the point of intersection with the saturation curve,
see figure 13.
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CM-047

Figure 13. Dewpoint Line

Heat Content or Enthalpy

Both ter e same. Heat content is the measure of the Btus contained in
one pound of dry air. Heat content is plotted by extending the wet bulb line through the
saturation curve to the heat content or enthalpy, scale located to the left of the satura-
tion scale. Read the Btu value at the poilit the extended wet bulb line intersects the
heat content scale as shown in fiire 14.

17

351-



Figure 14. Heat Content Line

Grains of Moisture (GM)

Grains of moisture or specific humidityboth terms mean the same. Grains of

moisture or specific humidity.is the unit of measurement expressing the actual amount

of,moisture contained in one pound of dry air. A relative humidity plot is needed to

find Sp. Hum. A grain of moisture is about the same as a drop of water. A pound of

water (abo_ut 1 pitit).contains 7,000 grains. To plot grains of moisture contained per

pound of air; draw a horizontal line from the point of c/o RH to the grains of moisture

scale and read the intersecting value on the chart, see figure 15:
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Amp.
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Figure 15. Grains of.Moisture

Pounds of Moisture

CM -041

4."

Pounds of moisture per pound of dry air is the weight of the grains of moisture
contamed in one pound of dry, air. It is determined by drawing a horizontal line from
the grains of moisture plot to the pounds of moisture scale and reading the correspond-
ing value at the point of intersection with the scale, see figure 16.
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Figure 16. Pounds of Moisture Line

Specific' Volume (SV)

020

0 15

0148 PM

010

Specific volume is the number of cubic feet of air required to weigh one pound. The
specific !olume lines appear as diagonal-Iparallel lines extending from the saturation
curve to the dry bulb scales ThefQ are five of these lines and they have a cortespond-
ing value of 12.5 cu ft thru 14. 5 cu ft reading from left to right, see.figure 17. To plot
specific valt.me, draw a line parallel to the established specific volume lines from the
point of %Rif to the dry bulb scale.

To read specific volume plots, start with the specific volume line to the left of the
new plot. For every degree Fahrenheit graduation on the dry bulb scale, add . 025 until
you reach the new line that you drew. Each group of four graduations will raise the.
volume .5 or to the next established line of the chart, see figure 18.
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Figure 17. SpeCifigr-Voluin 4ines .
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Standard Air

The conditions sdrd air are 700
(DB) at sea level airotpheric pressure
(14.7 psia). One poiiitei of standard air
occupies 13.34 cu ft of space. One cubic
foot'pf standard air weighs .075 lbs.
Therefore, SD of'standard air is . 075 lbs/
cu ft at sea level.

This standard is used as a guideline
by the manufacturers of coils, fans, and
other air-conditioning equipment. Prac-
tically all substances vary in volume as
temperature changes. Figure 19 illus-
trates the properties of standard air.

Psychrometric Plots

V

3(e

56 76 96

cli-OSZ

Figure 18. Specific Volume Scale

1 LB OF AIR
cu-os2c

Figure 191 Standard Air Sample

At this point, we have defined the lines and the scales that we will use on the ps),chro-
metric chart. Figure 20 shows a composite of the lines discussed and the,relationship
of the various lines and scales to each other. This figure shows only a single plot, but
psychrometric analysis involves two to four plots-to compare all of the temperatures
and properties of the air involved.

An analysis of the air in the various parts of an air-conditio ing system is required
when the system is put into use. Analysis is also required whene er desired conditions
in the controlled space arenot maintained. The analysis from eaJh part of the system
must be compared to determine how well conditioned space need are being met and the
adjusjments required to provide the desired conditions.
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Figure 20. Psyclirometric Plot

Several kinds of air are found in an air-conditioning system. As air travels through-
out the system. it is given specific names to indicate the part of the system involved.
We will start with Outside Air (OA). This is air brought into the system from outdoors
by ducts and plenums. Air that is cooled to the desired degree and furmshed to the con-
trolled space is Supply Air (SA). As the air is recirculated into the return duct, it
becomes Return Air (RA). If air is to be exhausted to offset OA brought in, the ex-
hausted air is labeled Exhaust Air (EA). When air types are mixed in a mixing plenum,
the mixtyre is called Mixed Air (MA).

A psychrometric plot can be made for each kind of air. Whenever the system must
be checked for performance, a psychrometric plot should be made on at least two kinds
of air. A comparison of these plots shows the system adjustments needed to provide
the desired conditions.

PURPOSE OF LOAD ESTIMATING

The heat load of a building is directly affected by the outside conditions and the
inside conditions to be modified and the extent of this modification. The greater the
difference between the inside and outside design conditions the greater the heat load
will be. Therefore, all comprehensive load estimates are based on the design condi-
tions of the building and the -outdoor design condition" (design temperature standard)
for the locality for which the application is being estimated. Pertinent outside design
conditions include the sun angle, prevailing winds, and the psychrometric conditions
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of the ambient air. The inside design conditions are determined by the building'usage

or application. The overall heat load is a result of the design conditions, building con-
struction, and internal heat sources.

The purpose of load estimating is to determine the amount of heat that must be re-
moved from the conditioned space to obtain the required or desired inside design con-

ditions. Load estimating is often referred to as-"LOAD GUESTIMATING" which tends

to make you think that a load estimate is not of much value. A comprehensive load
estimate is much more than a guess. It is a definite requirement if the conditioning

apparatus is expected to handle the heat load effectively and efficiently at the design

conditions. The "RULE OF THUMB" approach to load estimating leaves much to be

desired in several respects. The usual method, which is based on the floor area of the

space to be conditioned, does not consider heat gain from excessive window area, heavy
traffic into and out of the building, unusual internal heat sources, or even a simple thing

like the effect of the building color (outside). Humidity of the conditioned space;which
is of great importance to human comfort and proper operation of many types of intri-
cate equipment, is not even remotely considered by the floor area method of load esti-

mating. Again, the purpose of the load estimate Is to determine the amount of heat that
must be removed from a space to obtain the proper temperature and humidity conditions

in the space. The load estimate also provides the information necessary to select the

operating conditions that allow enough operating time for good dehumidification of the

conditioned space.

SOURCES OF HEAT GAIN

Heat is gained into the conditioned space either as load from an internal source or
as load from an external source, or both. Therefore, heat gains can be termed as
External Heat Gains" or "Internal Heat Gains" depending on where the heat originates.
The origin of the heat governs the methods by which the heat gets into the conditioned

space. This heat will be either sensible or latent, depending on its origin and method

of transfer into the space. For instance, both latent and sensible heat may originate

from the same external source. However, one type of heat is convected into the con-

ditioned space while the other is either conducted or convected into the space.

Solar

The sun is the main source of external heat gains. The heat from the sun causes
heat increases in the conditioned space either directly or indirectly. The rays from

the sun hea.c.:,1_1e conditioned space directly if they strike the floor or interior walls of

the conditioned- g`pace through a window or other opening in the building structure.
"Solar" or "Radiant" heat. as it is often called, loads the cooling system with heat with-

out a time lag. The sun's rays which strike the exterior walls of the building cannot
penetrate the walls directly. The result is an appreciable time lag as the heat is being
conducted through the walls into the conditioned space.

177:6
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External Air

The temperature of the outside air, if it is above the inside design temperature,
is also a source of heat load to the conditioned space. The heat from the outside air
is conducted through the walls and any glass. The heat flow through the glass has a
time lag s_imilar to that of the rest of the wall. Remember, solar rays through glass
do not have a time lag like conduction heat. Therefore, the heat load from the "solar
effect" is faster than conducted heat loads. The psychrometric conditions of the out-
side air also contribute to the heat load if the air enters the building directly. Ventila-
tion and or "infiltration" are the methods by which the air gets directly into the-con-
ditione:4 space_ "Ventilation" or "infiltration affect the building heat load with little
or no time lag. Again, the time lag effects are important since they determme the time
at which the peak heat loads occur.

Internal Sources

People, animals, and mechanical things like lighting, household appliances, and
motors are some of the heat loads that originate within a building. Moisture that is
evaporated directly into the conditioned space is an important source' of heat. The
moisture can be given off by occupants or mechanical devices within the building.
Around your home. the shower is a prime source of moisture, and therefore, a latent
heat load. Gas flames release aboS50 percent of their heat as water vapor which
becomes latent heat load.

TYPES OF HEAT

The total heat that the cooling apparatus must handle is of two types. The types
are sensible and latent. Sensible heat is the heat that changes the teinperature of the
air without affecting its absolute humidity. Absolute humidity is the actual moisture
content of the air. Latent heat is that given up by condensation of the water vapor in
the air as it passes through the cooling apparatus. Latent heat is also defined as heat
removed by condensation without affecting the air temperature. For instance, when
high latent loads are brought to the coolmg apparatus, the moisture removal process
reduces the sensible heat removing capacity of the apparatus. Latent heat is not heat
load unless moisture is actually being removed. The dewpoint of the conditioned space
must be lower than that of the outside air for moisture gain to the space. The apparatus
dewpoint must be lower than the inside spa e dewpoint to amove latent heat from the
total space heat load.

HOW HEA(ENTERS THE SPACE

For heat to enter the conditioned space, the space must be cooler than the heat
source. Heat always flows from hot to cold. The sun has already been mentioned as a
primary source of heat. It heats the external surfaces of a building and is conducted
inside through the structure. The sun's rays also cause direct heat through any windows.
The rays from the sun strike a surface heating it, and the heat is then radiated to the
conditioned space. Solar heat does not have the time lag that is associated with the heat
conducted through the walls: therefore, "solar heat gain" precedes "transmission heat
gain." (Heat gain through the walls is often referred to as "transmission heat gain. ")-
V\ ...4
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Heat Flow

HEAT CONDUCTION. Heat that flows through a solid material when a temperature
difference exists between the opposite sides is termed "Conducted Heat."

Heat enters the conditioned space through the walls of a structure by conduction.
The outer wall surfaces are heated by solar radiation and ambient air temperature.
They then conduct the heat toward the interior wall surfaces, which is retarded only
by the "thermal resistance" of the structure and its insulation. External heat may
require hours before it reaches the interior space.

HEAT CONVECTION. Heat that is carried in a medium such as air or water from
one point to another point is termed "convected heat." An example of convected heat
is that carried by air to the cooling apparatus.

Heat also enters the conaitioned space through cracks or openings in the structure.
This heat is carried by convection and is known as "infiltration heat gain." Heated
outside air mechanically introduced into a building for ventilation purposes is referrcd
to as the "ventilation heat load." It is common where buildings have a number of human
occupants or reqture positive inside pressure. Pressure ventilation reduces the infil-
tration of heat-laden air.

During warm weather. ventilation and infiltration air .is usually at a higher temp-
erature and moisture level than that of the interior air. Therefore, they add both
latent and sensible heat load CO the conditioned space. The sensible heat gain depends
on the temperature difference (TD) between the mixing airs, while the latent heat gain
depends on the grains of moisture difference between the mixing airs.

The heat gets into the space by various means. However, removal is accomplished
by the convection process. An ex3.mple of what occurs is the normal air-conditionthg
process. The heat withm the conditioned space is the result of the heat gains from
conduction, convection, or radiation. The heat in the conditioned space is transferred
by convection, using forced air circulating equipment to the cooling apparatus. The
term "FORCED CONVECTION" is common in air conditioning as most systems rely on
positive air circulation.

HEAT RADIATION. Heat that causes a surface to warm because of rays striking
it is termed "radiant heat."

Heat can be radiated to the space from internal or external sources, or from both
sources. The external source of radiant heat (solar) is the major source of radiant
heat load. It comes in through the Wind ws or glass doors of a building. Radiant heat
depends on a direct path for the rays to strike the interior of the space to add heat.
We can take advantage of this charac ristics of radiant heat and shade the windows
from the direct sunlight and diffusio ight rays (cloudy light) to reduce the heat gain.
Radiant heat may also be given off by mechanism within the building. These sources
are not nearly as important as the sun.
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Heat Flow Ratings

Building and msurating materials are rated in terms of their characteristics. You
must consider these characteristics when selecting the materials to be used or when
determining the rate of heat transmission of a structure. Materials with a low rate of
heat transmission should be used whenever possible. The normal materials used for
construction do not retard the flow of heat very well when compared to insulation ma-
terials. Therefore, it makes good sense to insulate both old and new buildings. It is
especially important when air conditioninpis installed. Larger equipment and higher
operating costs are the penalties for not having adequate insulation.

The heat flow ratings of a structure are the ratings of the individual materials or
of the combination of materials used. Each material has a different rating. Also,
ratings vary for different thicknesses of a material. The ratings, based on a 1" thick-
ness. compare the insulating values for each variety of construction and insulation
material. Ratings for actual thicknesses of typical construction (common building
construction) rate the heat flow through that type of wall. This method provides the
actual heat flow through the wall per sq ft. Opposition to heat flow is "thermal resis-
tance." Thermal resistance is the reciprocal of heat flow.

Ratin Factors

K-factor, C-factor, and IT-factor are ratings of the heat flow value in Btus of heat.
The R-factor is a rating of the thermal resistance to heat flow and is the factor which
governs the heat flow at the specific conditions. The R-factor is derived from the K,
C. or U-factors by dividing these factors into the number 1.

K-FACTOR (CONDUCTIVITY). This factor rates homogeneous materials of one-
inch tluckness and one sq ft of surface area. A homogeneous material is one of uniform
composition and density throughout. In other words, it is a solid structure (such as a
wooden plank or conwete slab. ,"Conductivity" is defined as "the amount of heat in B us
flowing through one ulch of homogeneous material in one hour when the area is oneaq ft
and the temperature difference bereen the faces of the material is one degree F. ' T
actual rating is read as "Btus per hour per sq ft and a one degree F temperature
difference."

C-FACTOR (CONDUCTANCE). This factor rates nonhomogenepus materials at
the total thickness for one sq ft of surface area. A nonhomogenous material is a build-
ing material that is not solid but is hollow in construction such as concrete blocks,
hollow tile blocks, or glass blocks. "Conductance" is defined as "the amount of heat
in Btus flowing through a nonhomogeneous material in one hou when the surface area
is one sq ft and the temperature difference between the faces is one degree F."

NOTE: The temperature difference is the surface temperatures at thefaces of the
materials being rated. The next factor to be discussed ( -fac or) specifies
the TD as between the air temperatures on each side of th material.
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U-FACTOR (OVERALL HEAT TRANSFER COEFFICIENT). This factor rates homo-
geneous, nonhomogeneous, and combinations of building materials based on one sq ft
surface area at different thicknesses. The U-factor rating includes the effect of air
films on the surfaces of the materials in respect %heat flow through the air films?
U-factor can be defined as the heat flow in Btus flowing through one sq ft of material
in one hour when the temperature difference is one degree F between the air on the two
sides of the wall or roof. As can be seen, the U-factor rating is the actual construc-
tion of the walls. Sometimes the U-factor is put into rating tables Where it includes
the temperature difference. (Already figured for you.)

R-FACTOR (THERMAL RESISTANCE). This factor rates the opposition to heat
flow and is the reciprocal of a heat flow rating such as K, C, or U-factor. Because of
the nature of the R-factor, itiJj be used ih a different manner than the heat flow rat-
ings. The cooling application di ates the allowable heat flow rate into the space, in
respect to the equipment economi s, at the design conditions of the space and the out-
door design conditions. An insulation with a thermal resistance that will limit the heat
flow into the conditioned space will then be selected to match the heat flow to the assumed
equipment size. The assumed cooling equipment size may be based on typical applica-
tions in the area or on an assumed thermal resistance value (used to calculate the load)
The R-factor of the insulation material selected and applied to the job assures that the
heat flow into the building, at the design conditions, is equal to the equipment capacity
already selected.

Related Heat Flow Formulas

As previously discussed, there are different types o
of heat getting into the conditioned space. There are
the different types of heat, heat loads, and methods
iously discussed heat flow rating for building mat
into the conditioned space can be computed usin the ratings and the appropriate formu-
las. The other types and methods of heat gain y7ill use different formulas and rating,

SENSIBLE HEAT FORMULAS. Usually, heat flow through a wall or ceiling oof

will be entirely sensible heat. In order to compute the sensible heat flow into tlie build-
ing, the term "SPECIFIC HEAT" must be understood. If you will recall, the "SPECIFIC
HEAT" of a substance is the aMount of heat that is added or removed that will change
the temperature of one pound of that substance one degree F. For instance, the specific
heat of air is .24 Btu per pound at 550 F DB. Therefore .24 Btu, added or removed,
will change the temperature of one pound of air one degree F. The term "SPECIFIC
HEAT" is dealing with sensible heat only. Latent heat formulas will be discussed later.
Most of the building heat will be sensible heat, therefore, the formulas usually include
the specific heat of the air. The formula used depends on the method of heat flow. For
instance, to figure the heat flowing through a wall, the following formulas can be used:

eat, heat loads,
rmulas that are a

of heat transfer. Wit
ials and/or insulation,

and methods
opriate for
tlit prey-
he heat flow
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HEAT (Btu) +AXUX TD

A = surface area of the wall in sq ft

U = U-factor; the amount of heat through
one sq ft of the wall with one degree F.

TD between the air temperatures on
both sides of the wall.

TD = actual temperature difference

NOTE: The "U" used in the above formula is for one degree F. TD.
You may find a "U" rating that includes the TD. If the TD
is included, the formula will be:

HEAT (Btu) + AREA X U

The heat brought in with the fresh air ventilation load is usually both sensible and
latent heat, but is mostly sensible. To compute the sensible heat being convected into
the conditioned space, the amount of air, temperature difference, and an air constant,
.is required. The air constant is 1. 08. The 1. 08 is the sensible heat absorbing or
releasing capacity of the air per hour at a one degree F temperature difference. The
formula is as follows:

HEAT = CFM X TD X 1. 08

NOTE: The 1. 08 is derived from the specific heat of air.

60
1. 08 = . 244 X

13.34

.244 specific heat of air

60 - minutes per hour

13.34 - specific volume (cu ft/pound)

The formula discussed above will compute the heat load due to ventilation (sensible
heat only).

LATENT HEAT FORMULA. Latent heat enters into a building by infiltration and/
or ventilation, or originates within the conditioned space. To compute the latent heat
brought in through the ventilation system, we must determine the cfm of ventilation air,
compute the grains of moisture difference between the inside and outside design condi-
tions, and then apply an air constant dealing with latent heat. The air constant is 68.
The following formula will computIthe latent heat brought in by ventilation:
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HEAT (latent) = CFM X -Gr. WHS. 1)111%ki . 2c. Do

CFM = cubic feet per minute

GR. MOIS. DIFF. = The difference in moisture content between
inside and outside design conditions.

. 68 = ail...constant. The . 68 is the latent heat absorbing or releas-
ing capacity of air per hour at one gr. of mois.
diff.

NOTE: The .68 is derived from the following relationship:

60 1076
. 68 13.34 7000

60 Mm per hour

13.34 specific volume (cu ft/lb)

1076 Average heat removal required Jo condense one pound
of water vapor from the room air.

7000 - Grains of moisture to equal one pound of water.

Latent heat gain that originates from within the space is usually given in a table

as an actual value/fiNktus. These values are totaled to determine the internal latent
heat gain.

LOAD ESTIMATING CONSIDERATIONS

There are many things that must be considered in a load estimate. One of the more

important considerations is the survey of the job to be estimated. The survey will tell

you how much area must be cooled, how much window area must be considered, how
much heat producing equipment will be used in the conditioned space, how many people

will usually occupy the conditioned space, and what type of usage the building will re-

ceive. The usage of the building will often dictate what the inside design conditions will

or should be. The location of the building, building orientation, and operational hours
of the building are also important aspects of load estimating and are included in the

survey.

Procedures

The survey must be completed before the estimate can be figured because many of

the heat load computations depend on the information from survey. The different types
of heat loads will then be figured individually and then totaled to obtain the overall heat

load.'
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SOLAR HEAT GAIN. The solar heat gain is dependent on the building location,
orientation to the sun and the time of the year. The time of the year and building
location determine the angle at which the sunrays will strike the building walls and
windows. Angles less than 90° will not have much surface heating effect as a pprper-
dicular angle. The walls and windows are influenced by the sunrays o.s a result of the
building orientation in respect to the sunrays. The walls, not being hit bySthe sunrays
directly, will be considered to be shaded and will use a separate heat flow factor. The
surface rea of the exposed windows multiplied by the appropriate heat flow factor, for
each wal *rection, will indicate the solar heat effect of the building.

NOTE: Heat is also conducted through the glass of the windows due to t per-
ature difference. Often, this conducted heat through windows s neg-
lected, but can be figred in as wall heat gain on some load estimate
for ms.

1

WALL HEAT GALN. Building location, orienta ion, and the time of the, year, in-
fluence the wall heat gain in much the same manner as with the solar heat gain. The
heat ;low factor used for walls depends on whether the wall is in the sun or shaded.
The walls in the sun will conduct more heat for a given temperature difference between
the air on both sides. The differenee in the shaded and sunlit factors should adjust the
heat flow values to account for the sunlit walls. Find the surface area of the walls,
excluding the window areas, multiplied by the appropriate factor, sunlit or shaded, and
then multiplied by the design temperature difference will indicate the heat flow through
the individual walls of the building. The heat flow through all the walls are totaled to
yield the overall wall heat gain.

,
NOTE: T he method used here does not include the indow heat gain though

design temperature difference; some load estimate procedures do
consider the window gain as part'of the wall heat gain.

VENTILATION HEAT GAIN. Ventilation heat gain can be,either sensible, latent,
or both. The volume of ventilation air depends on the numbeet'of occupant6 using the
building, and the activities in the building. The volume for each person can be ob-
tained from reference tables, for each person, and then multiplied by the number of
occupants, to get the total cfm required. The sensible heat gain depends on the design
temperature differences, required cfm, and the appropriate air constant. The latent
heat gain depends on the design grains of moisture difference, cfm requirement, and
the appropriate air constant for moisture change.

INTERIOR HEAT GAMS. Interior heat gains are of two general kinds. First;
the occupants. The heat given off by people will be both sensible.and latent. The per-
centage of sensible and latent depends on the degree of activity. The higher the rate
of activity, the higher the latent heat'released by the people. The second,general kind
of interior heat gain is in the equipment category. The types of equipment which must
be considered are; lights, motors, and appliances. The time of day when the lighting
is in cTeration is very important to a heat estimate. The operating time period of
electric motors is also important. The time at which the peak heat load froth the lights
and/or motors occur may or may,not be at the same time as the other load peaks.
Operation duration of appliances is 'also important to the hourly heat load from the
interior (conditioned space), These will affect the actual peak load of,the day..
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To figure the actual heat load of each type of internal heat gain, the load for the dif-
ferent types ofi interior heat gain must be considered separately and then totaled. The
load-from the occupants in the space depends on the number of persons and the Btu fac-
tor or rating for the people's'degree of activity and physical size and sex. The rating
will often be given in both sensible and latent heat values for the given conditions, but
may also be rated according to an adjusted average for several sizes of people. _The
number of people, multiplied by the heat release factors, will indicate the amoiint of
heat that is given off by the people in the building at the inside design conditions. Latent
and sensible heat gains should be computed separately and then totaled into the correct
columns.

To compute the hourly heat load from-lights and motors, the number of lights and
total horespower must be multiplied by a specific factor. One for each kind of load.

To compiite the hourly heat load from appliances, find the hourly heat value listed
in the tables and mfitiply it by the number of the specific appliances. The heat values
are then added Into the correct column, either latent or sensible, so they will be in-,
cluded in the of erall heat load total. The subtotal column allows the heat load to be
figured for ea!bh type of "Heat Gain" and then totaled up to the overall load. The latent
and sensible columns allow the overall heat load to be broken down into latent and sen-
sible heat loads. The ratio of sensible heat to the overall heat load will be used later
to determine the best chilled supply air condition to satisfy the heat loads in the proper
proportions. The overall heat load will be used to select the proper tonnage for the
gooling apparatus.

PSYCHROMETRIC PROBLEMS AND AM MIXTITIES

In studying the psychrometric chart, the conditions are plotted for the air passing
throle a system. To graphically illustrate the conditions of the air at given points,
we must identify a few more terms that Will apply in this study. Some of the terms in-
clude the following.

Grains of Moisture Removed

s of Moisture Removed

Total Btu Removed

O Sensible Btu Removed

Latent Heat Btu Removed

Coil Slope.

Room Slope (
Apparatus Dewpoint

ci

Mixed Air Plots

41,re

NOTE: In psychrometrics, all values on the chart are per pound of dry air,
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Procedures

GRAINS OF4fOISTURE REMOVED. This quantity is found by subtracting the GM

of the smaller plot considered from the GM of the larger plot being considered.

For example, if the returned air (RA) plot contained 98 GM and the supply air (SA)

plot contained 77 GM. subtract 77 from 98 and the difference would be 21 GM removed.

POUNDS OF MOISTURE REMOVED. This amount would be determined by the

same procedure. If the outside air (OA) plot contained .014 lb and the RA plot con-
tained .0076 lb. subtract .0076 from .014 and the difference would be . 0064 pounds of

moisture that were removed.

HEAT CONTENT REMOVED. This can be found by subtracting the heat content
(HC) of the smaller plot from the HC of the larger plot and the difference would be the

Btu heat content difference, Earlier in this course you learned that total heat is sen-
sible plus latent heat. Therefore, when necessary. the total heat removed can be sep-
arated into specific amounts of sensible heat and latent heat.

Sensible heat changes the temperature of a substance but not its state. Latent

heat changes the state of a substance but not its temperature. When applied to water,
sensible heat changes the temperature of the water but it remains water. Latent heat
changes water at 212°F to steam at 212°F. thereby changing its state from a liquid to
a vapor but with no change of temperature. Sensible heat is measurable with a ther-
mometer: latent heat is not. In air-conditioning work, latent heat is involved only by

the addition or removal of moisture in the air. The psychrometric chart is the only
tool you have to calculate latent heat..

The total heat removed by an air-conditioning unit is simple to calculate on a psy-
chronietric chart. You begin by determining both the .dry bulb and wet bulb temperature
of the supply air and the return air. Plot both dry bulb temperatures on the chart, as
shown in figure 21. Then, plot the wet bulb temperatures and extend their lines through

the heat content scale. The total heat removed is the difference between the Btu read-
ings taken at the intersection points. of the WB lines with the heat content scale. For
example, as shown in figure 21, 34 minus 15 equals 1 9 Btu of Atat removed.

When necessary. you can determine
how much of theTheat removed is sensible
heat and how much is latent heat. To de-
termine sensible heat, draw a horizontal
line from the %RH point for SA until it
intersects with the RA line as shown in
figure 21. From this point of intersec-
tion, draw a line parallel to the WB lines
to the heat content scale. The difference
in the Btu readings at this point and the
SA wet bulb line is sensible heat. As
shown in figure 21 26 minus 15 equals
11 Btu of sensible eat. Latent heat is
the total heat min, sensible heat. Follow-
ing through on fiu - 21 this is 1 9 minus 11.
giving a latent t ontent of 8 Btu.
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COIL SLOPE. This is the amount of Btu removed from the 'air entericig arid l'av7
ing a coil. To graphically illustrate coil slope, you must join, the %Rlipoints of the
temperature entering (TE) and the temperature leaving (TL) with a straight' lines and
read the answer on the HC scale by subtracting the HC of TL from the HC of TE. see
figure 22.

ROOM SLOPE. This is the amount of Btu that are picked up in a room from tje .

time air enters as supply air and leaves as return air. Plotting procedures are the
same as for coil slope, join the % RHof TE and the TL with a straight line. and read the
answer on the HC scale by subtracting the HC of SA from the HC of RA and recording
the difference, see figure 22.

APPARATUS DEWPOINT. This is the effective surface temperature of the cooling
coil. The term apparatus dewpoint refers to the cooling coil of an air-conditioning sys-
tem. To plot apparatus dewpoint, join the % RH of TE of the coil and the TL of the coil
and extend the line straight to the saturation curve and read the temperature at the
pointoof intersection. Most manufacturers design their cooling coils to be maintained
at 40 F. This prevents freezeup of the coil.

APPARATUS DEW POINT

CI4 -042

Figure 22. Coil Slope, Room Slope, and Apparatus Dewpoint

MIXED AIR PLOTS. Mixed air is die...process of combining any two airflows to be
introduced into some part of the,system. Normally this mixture would be between RA
and OA (but can anclude others). After being mixed, it is passed over a coil for con-
ditionirfg, prior to entering the controlled space.
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Mixed air will appear on the psychrometric chart between the two conditions being
mbted depending on the ratio of the air being mixed. For example, if the air mixture
vas based on a 50 percent mixtvre, the plot woUld appear h2ifway between the dry bulb

,
lines of the two plots, see figure 23.

,..,

to. -04.:

Fig;ure 23. Mixed Air Plot

To plot mixed air, use the following steps

1. Draw a diagonal line to connect the % RH points of OA and RA (this will give you
the RH of MA after the DB of MA is established).

2. Find the percent of outside air in the mixed air. If 2.000 cfm outside air is added
to 4.000 cfm RA. the ratio would be-

2000 2000 2 1

2000 4000 6000
-- - = - = 33 1/3 percent. 6 3

3. To find the dry bulb temperature difference, subtract the RA DB temperature from
the OA DB temperature,

4. To find the change in temperature. Multiply the TD from step 3 by the percentage
figure from step 2 for degrees of change.

5. To find the MA bB temperature, add,the value of step 4 to the RA DB temperature.

6. Finish the MA plot by drawing the DB line to the diagonal line established in step I.
and finish the plot. 34
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Determining Supply Air Conditions and Volumes for Heat Load Demand

One very important factor in determining supply air volume required is the condi-
tion of the air being supplied. To thorouenty understand the effect of the air's condition,
some basic rules must be reviewed and understood.

1. The ability of the siolpiaLy air to absorb sensible heat depends on the tempera-
ture difference.

2. The ability of the supply air to absorb moisture depends on the dryness of the
air supplied. Since the air always contains some moistu , the absorbing ability varies
with the humidity of the air supplied.

3. Cold supply air, by itself. will not provide co fort if the moisture content of
the supply air is too great. The resulting humidity con on in te space will be too
high for comfort.

To properly condition a space for comfort, the rules
There are some accepted industry standards that are used in
cooling. These standards are shown-below.

1, Standard Air - Air at 70°F .DB and 14.7 psia (sea level) is considered the
standard conditions. One cii ft of standard air Feighs .075 lbs therefore 13.34 cu ft
of standard air weighs one lb.

ye must be kept in mind,
culations for comfort

2. Density of standard air - The density of standard air is . 075 lbs/cu ft.

3. Specific heat of air - The specific heat value normally used in supply air cal.:
culations is .24 Btu/lb per °F. (.244 Btu/lb/degree F is the' specific heat at 55°F (db)
air for design purposes.) The specrfic heat of air is the amount of heat required or
released to change the temperature of one pound of air one degree F.

SUPPLY AIR CONDITION. The required condition of the supply air is dictated by
the sensible and latentieat loads within the building to be conditioned. The ratio of the
sensible load to the total.load is known as the sensible heat ratio (SHR) ortensible heat
factor SHF). The supply air must remove the correct ratio of sensible and latent heat
from the conditioned space. Some psychrofatric Charts have a SHF or SHR scale that
can be used to determine a supply air condition that will provide the correct ratio of
sensible and latent cooling.

Using the SHF Scale on the Chart. The 51iF scale is located at the upper right
corner of the chart as shown in figure 24. A reference point is located at 80°F db and
50 c RH on the chart and is used with the SHF scale. A straight line drawn between
the SHF scale and the reference point will.establish a.reference angle on the chart as
shown in figure 25. Any cooling process (coil or room slope) that parallels the refer-
ence angle will have the same SHF. That means that the sensible and latent heat will
be reffioved in the same proportions that the heat loads exist in the conditioned spaces.
Any supply air condition that falls on the cooling process line (coil or room slope) will
remove heat from the conditioned space in the correct ratio.
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Supply Air Temperature. The supply air t mperatu're is effected by several things,

out coil efficiency is most important (outside o pacity). Manufacturers try to make
their coils as efficient as possible without adding excessive resistance to airflow thipugh
the fins. At higher efficiencies, the supply air will be colder, thus more dehumidifica-
tion can be accomplished than with lower efficiency coils. The efficiency rating gives
indications that help in selecting a cooling coil for the application.

Some of the air will'flow through a coil but will not come in contact with the coil
surface. This is called bypass air. The amount brair that flows through the coil, that
does not ContaCt the coil surface, depends upon the coil construction (fins per inch) and
the velocity of the airflow. ..

The bypass factor for cooling coils is determined through tests and calculations so
:nat the factors are known before the coil is installed. In this manner, it is possible to
predict coil performance and to select the best coil for the onEticular application. The
average oypass factor used in comfort air conditioning is.usually between .10 and .30,
and varies according to the combination of conditions and equipment.

The following procedure can be used to find the bypass tactor of a coil:

1. &btract the apparatus,dewpoint temperature (coil temperature) from the tem-
perature of the air leaving the coil.

2. Stract the apparatus dewpoint temperature from the temperature of the air
entering the coil.

vs

3. Divide the answejn step 1 by the answer in step 2.

If the bypass factor is high, the following conditions must be provided to produce
the required leaving air temperature at the coil.

*

1. More air at slower speeds (velocity).

2. Larger ducts are required for the larger air quantities.

3. Larger fans and motors to supply the larger air quantities.

If the bypass factor is low, the following conditions can be provided.'

1. With a lower leaving air temperature, less air is required.

2. Less air will be required, permitting the use of smaller ducts and smaller
fans and motors.

A low bypass factor may also have certain disadvantages.

1. Discomfort in small rooms due to a low supply aireernperature,

2. Larger equipment may be required to compensate for the increased load
provided by better air contact with the coil.

3. Insulation and vapor seal may be required because of the low temperature in
the supply duct in the room.

37

f.

399

t.'

d I

N.

I



-.,.

A 90 per efficient coil will .provide dehumidified air of at least 90 %RH leaving.A relative humi ty of 9Qpercent or higher indicates excellent performance. (Ninetypercent efficietccy or 90 `10 RH can be used to select a supply air temperature.) To de-termine the supply air temperature from a 90 percent efficient coil, the coil tempera-ture (surface) must be known and the entSring air temperature must also be known toestablish their temperature difference. The following computations will illustrate:
ent air. temp.
coil sur. temp.
coii efficiency

78oF

42°F
90 percent

78 - 42 = 36° TD (Mainmum cooling that is possible with the given conditions ofthe application.)

36° X . 90 = 32. 4

78 - 32.4 = 45. 6°F temperature of supply air from the coil

The supply air temperature from the computations above would be too low fornormal comfort cooling butst right for high humidity loads. A load with a .70 SHF,would reouire about a 50°F coil surface. Either a lower efficiency coil or a higherrefrigerant temperature must be used.

The supply temperature can be figured on the psychrometric chart using a simpleprocedure. (Based on . 70 SHF, )

Establish SHF from load estimate.

Plot SHF line on chart.

Plot cooling process on chart - extend the cooling process line on past the satura-tion curve of the chart.

ADP is the temperature at which the cooling process line crosses the saturationcurve.

ROOM CONDITION - ADP = max. cooling possible (TD)

78°F - 50°F - 28°F TD

28°F X . 90 = 25.2°F

78 F - 25.2° = 52.8°F supply air temperature

The supply air temperature just computed is based on the SHF of the heat load andthe coil efficiency. A heat load with a different SHF would require a different supplyair tfoiperature. To obtain the required air temperatures, the cooling coil is selectedfrom manufacturer's data. Sometimes the supply air temperature is selected, basedon the cooling unit's normal supply air temperature, but this method doesn't considerthe SHF of the load.

38

No

t

4 uu

371



Sometime observe the actual comfort conditions in an air-conditioned building. You
will find many cases where the conditioned spaces are cool but clammy. The most
raJobable reason for the condition is that the SHF was not considered.

DETERMINDIG THE VOLUME OF SUPPLY AIR. Once the supply air condition is
known, then the supply air volume needed to absorb the heat load in the conditioned
space can be determined.

The following tlings must be known in order to determine the supply air volume.

1. Specific heat of the air..

2. Temperature difference between conditioned space and the supply air.

3. Specific density of the air. (Weight of the air per cubic foot.)

4. Btu/hr heat load of the conditioned space.

The following formula is used to obtain the cfm of supply air required.

Bui/hr (space heat lo6.d)
CFM - 1.08 X Ta

CFM - cu ft per min

Btu/hr - heat load as obtained from the load estimate.

TD - the temperature difference

1.08 - Btu/hr factor derived from the following calculations.

Remember 13.34 cu ft of standard air weighs one pound, and one cu ft weighs
only . 075 lbs.

ASSUMipTION: If one cu ft of air is delivered per minute, then 60 cu ft will flow
per hour. Therefore, if we have 60 cu ft per hour and each cu ft weighs . 075 lbs,
then . 075 lbs times 60 cu ft equals pounds per hour.

Pounds per hour X specific heat (.24 Btu/lb/°F) equals heat absorbing capacity'
of 60 cu ft of.air per hour.

Remember 1.08 equals heat absorbing capacity per hour per degree.

.P
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EXAMPLE PROBLEM:

Building heat load. 38,000 Btu/hr 38,000 Btu/hr

Building design temp. 78°F 78°F

Supply air temp. 52°F 52°F

FORMULA: CFM =

C FM =

Btu/hr Btu/hr
1.08 X TD

38,000

1..08 X TD

38,000
1.08 X (78 - 52) 1.08 X (78 - 58)

C FM = 38,000 38,000
1.08 X (26) 1.08 X (20) \

CFM = 38,000 38,000
28.08 21.60

CFM = 1357.1 1759

The CFM required for the individual rooms can be determined also, however the
heat load must be figured for each room, then the air volume requirement is computed
the same as above.

DUCT SIZING. To delive the supply air to the conditioned spaces, air passages
(ducts) are connected between t e cooling apparatus and the rooms. To obtain the .

correct airflow and quietness, th ducts must be properly sized. The physical size
depends somewhat on the shape or construction.

There are two shapes of ducts normally used in air conditioning: round and rec-
tangular. The round ducts are more efficient based on volume of air per duct perimeter
distance. Therefore, less duct material is needed for the same amount of airflow.
Round ducts are also constructed so they can be easily assembled on the job site. Eco-
nomics and convenience are important considerations. Rectangular ducts require more
duct material than round ducts for the same airflow. They are more expensive because
of material and manufacturer's cost. Rectangular ducts have the advantage of fitting
well in constructions where space is important such as walls and ceilings.

The materials normally found in duct construction are sheet metal, aluminum,
fiberglass, and less commonly, tile and cement. Each has advantages and disadvan-
tages. For example, sheet metal is heavier than aluminum but cogf less. Aluminum
and fiberglass are not as apt to corrode. Tile and cement ducts are more suitable to
slab floor construction. The application often detertnines the type of ducts used.

The air delivered to the conditioned space must be adequate for cooling but must
also remain quiet as it enters the room. The velocity of the air has a big effect on the
noise level, so the velocity must be kept within the acceptable range, for the applica-
tions. Once the recommended velocity has been established, then charts, and duct
size calculators can be used to select the proper size duct for the required air volume.
The use of a duct calculator will be shown in class.
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The pressure losses in the duct may also be calculated on the duct sizers. The
friction losses are important in selecting the air circulator to overcome the duct sys-
tern losses. Air circulating equipment ratings are usually stated as so many CFM at
a certain static pressure. The static pressure rating must be higher than the duct
systern losses. In addition to the friction losses in the duct, there are also losses at
the supply air and return air registers and grills, dooling coils, filters, 2nd any bends
in the duct. The fan rnust be capable of delivering the correct volume of air through
the complete air handling systern against the total air handling system.losses. The
friction losses for the various components in a duct system can be figured from friction
loss tables and charts. Once the friction losses have been computed, the fan may be
selected to meet the system requirements.

AIRFLOW BALANCING. Air-conditioning mechanisms are de to condition the
air within the cooling or heating apparatus and then convey the treated air to the cen-
dawned space in the correct amount without causing drafts or excess e noise Duct
types and sizing have been discussed in relation to the construction an ct air
delivery volume. The noise level was considered when the ducts were sized but there
is another factor to consider. The air velocity must be sufficient to throw the supply
air out into the rooms in order to promote air movement within the space. The location
of the air outlet is very important in preventing stratification of the air within the con-
ditioned spaces. Without prcper placement and sufficient air throw from the supply air
diffuser, even the correct volume of supply air may not provide comfort all over the
conditioned spaces. The location of the return air register has been found to be a prob-,
lem in many installations where parts of a building would not cool or_heat properly
while the rest was conditioned as designed.

As can be seen from the above paragraph, there are several factors within the
conditioned space that affect final results of the air-conditioning process. These factors
can sometimes be adjusted by balancing the airflow to each room to compensate for the
room's individual needs.

There are many factors within the conditioned space that effect the temperature and
air distribution witlun the space. The supply and return air diffusers must be properly
located and adjusted to cause even distribution of the air. To assure that each room
receives the correct amount of air, as designed, the airflow must be adjusted to the
needs of each room. The exact procedure depends on the special requirements of the
conditioned space. The following procedure is ably a general approach to balancing
an air-conditioning system's aifflow.

1. Position darnpers anct room diffusers to obtain maximum airflow and cornpare
to the design air volumes.

2. Adjust dampers to obtain air volume that is closer to the requieed CFM.

NOTE: This step must be repeated several times because each damper
adjustment will effect the other air volumes.

3. Record the CFM values after each complete round of adjustments so as to
keep track of the system's reaction AND PROGRESS TOWARD THE CORRECT AIR
VOLUME.
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4. Continue making adjustments until the required CFM values have been obtained.

5. Adjilst room diffusers to obtain good airflow within the individual spaces.

NOTE: Operate he system to check the cooling times needed for the various
rooms and the temperatures of each room as the unit cycles off. The
required cooling times and temperatures should be comparable for
,each room.

System Capacity Check Using Psychrometric Chart

From the previous study of psychrometric problems and air mixtures, you learned
about cooling process lines (coil or room slopes). The coil slope represents mixed air
entering the cooling coil and leaving aaksupply air. The room slope represents retOrn
air entering the cooling coil and leaNtine as supply air. Both of the slopes represent
the coriling effect that is taking place in the cooling coil. The heat content of the supply
air and return air is read directly from the heat content scale on the chart. The differ-
ence between the heat contents of supply air and the return air (or mixed air) is termed
as HEAT CONTENT DIFFERENT (HCD) and is read as Btus/lb of dry air.

The heat content difference from the chart represert s only one pound of air. Air
is usually measured in a unit of volume and is normally expressed as CUBIC FEET PER
MINUTE ',CF34). To apply the chart to the system air analysis, the CFM must be con-
verted to pounds of air. Standard air weighs .075 lb/cu ft, therefore if each cubic foot
of air weighs . 075 lb, then the CMF multiplied by the density of standard air equals
pounds of air per minute.

, CFM X SP DEN = LBS OF AIR PER MDT
.,

CFM X . 075 = LBS OF AIR PER MIN
,

Btus/min can be computed by multiNking the pounds of air per minute times the
HEAT CONTENT DIFFERENCE of the air going throue the coil.

CFM X . 07-5 X HCD = Btus PER MIN

To convert the Btus PER MINUTE to tons, divide the Btus by 200 Btus/min.
CFM X . 075 X HCDTONS

200(Btusjmin)

The above formula is the complete formula for computing coil capacity using the
psychrometric chart. The values for the formula come from the psychrometric chart,
direct measurement of the air volume through the coil, and standard air. 200 Btus/
min comes from the definition of one ton. OM

In the previous study material, the concepts of designing an air-conditioning sys-
tem have been discussed. In those discussions, emphasis was put on the SHF, supply
air condition, supply air volume, and balancing the supply airflow to assure properly
conditioned spaces. Once an air-conditioning syatem is installed and operational, the
performance of the system can be checked by the methods just discussed for capacity
checks. The changes in heat content of the conditioned is a direct indication of cooling
capacity of the system.
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Air velocity can be measured with an anemometer, manometer, or velometer.
After velocity is known, it is a simple matter to determine the cfm and pounds per
minute of air being changed in the space involved.

The analysis of air is a valuable tool for the specialist. Psychrometrics give him
an understanding of what the mechanical cooling process must overcome to properly
perform. In order to correctbr determine the properties of air, the refrigeration
specialist must be able t9 use the psychrometric chart.

The psychrometric 4ha,rt also provides a means of selecting the proper air condi-
ton needed to cool the co ditioned space in the best latent and sensible heat ratio. The
chart is the connecting lin between the load estimate and the cooling equipment.

REFERENCES

AFM 85-18, Maintenance and Operation of Refrigeration, Air-Conditioning and Evap-
orative Cooling and Mechanical Vetktilating Systems

Textbook, Trane Air-Conditioning Manual

Textbook, Air Conditioning, Delmar

Textbook, Modern Refrigeration and Air Conditioning, Althouse, Turnquist, and
Bracciano
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Department of Civil Engineering Training SG 3AZR54550-2-III-2

Sheppard Air Force Base, ,Texas September 1914

DIRECT EXPANSION AIR-CONDITIONING SYSTEMS

OBJECTIVES

This study guide will aid you in learning the operation, service procedures, trouble-
shooting. and repair of direct expansion air-conditioning systems such as window units.

package air conditioners, and residential cooling and heating systems. (Split refriger-
ation system added to the basic forced air heating system.)

INTRODUCTION

Direct expansion type of cooling is the most common method. It means that the
supply air is cooled by the finned cooling coil directly. Air conditioners such as win-
dow units, package units, and residential split systems use the direct expansion method.

WINDOW UNITS

The components and controls discussed in previous units of instruction are typical
of those used in most moderq window and residential air-conditioning systems. Each
manufacturer has his own method of applying these various components and controls.
No attempt will be made to give a detailed discussion about specific makes and models

of equipment.

A window air conditioner, figure 26,
can best be described as a self-contained
unit. It is used either mounted in a win-
dow or through a wall. It is usually cap-
able of circulating, cleaning, and cooling
the air, and, in some instances, may
also include means for ventilating and
heating. Window air conditioners are
primarily designed for cooling one room
only with free air delivery (without ducts).
They consist primarily of a compressor,
condenser, evaporator, capillary tube
metering device, a fan and blower motor
assembly, a filter, and the necessary
motor assembly, a filter, and the neces-
sary electrical controls. A short discus-
sion of these components is as follows.

Major Components

COMPRESSORS. Window units use
the hermetic-style compressor and many
have potential-type starting relays. How-
ever, most modern window units use a
permanent split capacitor (PSC) com-
pressor, see figure 27. A PSC compressor
has two main advantages.
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1. It does nOt require a starting relay.

2. A small unit will produce more power because the start winding is also used
for running.

CONDENSER. The condenser 4s usually composed of rows of copper tubing covered
with aluminum fins. It is larger than the evaporator, so it can dissipate all of the heat
picked up by the evaporator plus the heat of compression. The condenSate water which
is relatively free of scaling minerals is thrown against the condenser, thus, aiding
reducing the head pressure by making it an evaporative condenser. The water th wnagainst the condenser causes dirt and trash to collect on the fins. As a result, th con-denser must be cleaned periodically.

EVAPORATOR. The cooling section is usually composed of rows of copper tubing
covered with aluminum fins. The collected water droplets collect at the bottom of the
cooling coil and are drained through a tube or trench to the back of the unit. The slinger
ring will then pick up the water and throw it against the condenser where it evaporates.
The evaporator is designed to lower the temperature approximately 20 degrees. If the
air entering the coil is 90 degrees and the air leaving the coil is 70 degrees, the unit is
said to be performing at maximum design.

CAPILLARY TUBE METERING DEVICE. This metering device operates on theprinciple of restriction. It operates on the pressure difference between the high side
and the low side. A tube is chosen that will allow just enough liquid to pass through it
to make up for the amount vaporized in the evaporator as the compressor operates.
Because there is no shutoff valve, the pressures equalize during the off cycle. This
equalizing of pressure permits easier starting of the compressor.

EVAPORATOR BLOWER. In order to make window units as quiet as possible, a
squirrel cage blower is used to force air through the cooling coil. Squirrel cage blowers
are much quieter than the blade type fans and will move a higher volume of air providing
the diameter of the fans is the same. The blower is designed to move approximately
400 cfm per'ton of refrigeration.

CONDENSER FAN. A fan is used to force air through the condenser. The con-
denser fan oVerates in the outside area to dissipate the unwanted heat, therefore, noise
is not a major consideration. The fan blades are connected at the outer tip by ametal
band which gives the blades stability, qut the main purpose of this band is to pick up
condensate water and sling it against the _condenser. Naturally, this ring is called a
slinger ring. This water aids in displacing unwanted heat through the process of evapo-
ration adding to the efficiency of the condenser coil.

FAN MOTOR. The fan motor is specially designed, rugged, multispeed motor with
a double shaft. The speed range is 850 to 1075 rpm. One end of the motor shaft drives
the squirrel cage blower that forles air through the evaporator. The other end of the
shaft drives the blower that forces air through the condenser coil. Most of th se motors
also uee a small run capacitor in the circuit. The motor is subject to two mai mal-
functions, burnout and worn bearings. If the worn bearings aren't immediately replaced,
they can be the cause of a motor burnout.
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FILTERS. Air filters used in window units are either throwaway or permanent
in gn. They must be changed or cleaned as soon as they become dirty. This should
be d e as often as needed. The cleanable type should be washed in warm, soapy water,

a.11o kg4rain dry, then coated with a thin coat of filter oil. The filters reduce the
am ntint and dust in the air, but their main function,is to keep the evaporator coil
cle he air conditioner is operated without the filter in place, the evaporator be-
co ty and requires cleaning with wateraN.ir pressure.

SELECTOR SWITCH. Most window units are equipped with a selector switch having
fi positions: OFF, LOW-COOL, HIGH-COOL, LOW-FAN, and HIGH-FAN. The selec-
tie s may be made by pushing a button or turning a knob. The high-speed compressor
os rates at a constant speed. The fan has tivo speeds and will operate on either high

low: When a selector switch gives trouble, it must be replaced.

THERMOSTAT. Window units are equipped with a thermostat that cycles the com-
essor when the temperature reaches the set point. The thermostat usuallY has a fixed
fferential of 5 degrees and an adjustable range.

VOLTAGE SELECTOR. Some units are designed to operate on either 208v or 230v

. Be sure the voltage selector switch is correctly positioned for the Voltage being
sed in the circuit:

CAPACITORS. Start capacitors are usually small in size and round in shape. They

are encased in bakelite, plastic, or cardboard. Run capacitors are larger and are long,

often oblong in shape, or sometimes square with the case being made of metal. The

larger microfarad ratings identify the start capacitors.

POWER CORD. Power cords for 115-120v units usually have three wires white.

black, and green. The green wire is the ground wire according to safety standard
color codes. One end of this wire must be*attached to the unit body and the other to Ole
ground terminal of the plug. The black wire is the hot lead, and the white wire is the

common lead.

POWER RECEPTACLES:

ALL 115V AC UNITS
PARALLEL PLUG

e

208-230V AC UNITS
0 12 AMP RATED

TANDEM PLUG

Figure 28.
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A window air conditioner has two sepaiate and distinct air circuits (figure 29).

OUTSIDE AIR

CONDENSER

FAN MOTOR

bw.tewvArr rFILT

ROOM AIR

COMPRESSOR

EVAPORATOR

Figure 29.

1. (Cooled Room Air) Warm air from the mop is drawn into the unit through
the filter which removes lint, dust, and other impurities. From the filter the
air passes through the evaporator where it gives up its sensible and latent
heat to the liquid refrigerant changing it to a gas. Then the air goes back
into the room as conditioned air.

2. (Outside Air) Asthe refrigerant is changed into a gas it is then pumped by the
compressor to the condenser at a higher temperature than the outside air.
The outside air is drawn through the condenser over the compressor and back .
outside carrying with it the heat removed from the condenser.

Capacities of Window Air Conditioners

The capacities of window air conditioners range approximately from 4000 to 3,2000
Btu per hour and are often referred to-as 1/2-, 1-, or 3-ton units. Capacity was origi-
nally designated in terms of compressor motor horsepower; however, this has proved
to be inaccurate for measuring actual cooling capacity.

Windbw air conditioners should be able to operate 'at their rated capacity, under
the following conditions which are the manufacturing standards for window air conditioners.

a. Oulside air 9PF Dry Bulb and 75°F Wet Bulb temperatures

b. Inside air 80°F Dry Bulb and 670F Wet Bulb temperatures

c. Voltage t 10 percent of full rated voltage
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Refrigerant

Most window units use R-22 refrigerant. The Unit can be about one-thi

in size. This is due to the fact that the heat of vaporization of R-22 is 69 B
pared to only 37 ghi for R-12.

Installation

Installation procedures will differ a little between models and manhfncturers. JIw. -
ever, if you can install one type. you can figure out how to install any of the other types
Some general pro'cedures are listed below.

Inistall in the shade if ossible.

Guarantee complet ventilation for the condenser if possible.

The.back of the unit should be 1 /2 to 1/4 inch lower than the front to allow
proper drainage of condensate water from the evaporator.

Support the unit securely.

If the power corkitnt is supplied with the unit is not long enough to reach
asingle receptacle circuit, have anotherreceptacle installed.'

Maintenance

CLEANING. All units require periodic cleaning. The cleaning of a window unit is

particularly important. Since the condensate water is evaporated very slowly at times,
it collects dirt and trash very rapidly. Window units should be removed from the window

and cleaned after every cooling season. Usually the water from a hose will clean them
adequately; however, in some cases you may have to use an airhose. If water is used.
make sure that the fan motor is completely dry before operating the unit. Just a little
water in the fan motor windings will cause the motor to burn out. Best results are
obtained if steam is used. Steam cleaning requires the following speeilTprecautions:

Be sure that the steam temperature is below the melting temperature of the
copper, aluminum, or the Solder used on the joints and seams,

0 'Be sure that the system is completely dry prior to startup of the unit. Steam

penetrates better than water and will Cause motors to burn out if moisture
droplets are left on the inner surfaces of the electricarcomponents.

PACKAGE mirrs

Package air conditioners, see figure 30, ,are built in sizes from,one to 30 tons.
This type of equipment is used to cool larger rooms or areas. They(thay be with or
without ductwork. A paclage unit provides the means for fast and easy conditioning of

a large area. ILthe area is long and narrow or it has partitions or objects that will
restrict the airflow, it may be necessary to use ductwork to distribute the air. The

main advantage in the use of the package unit is that it can easily b,e moved from one

location to another. For this reason package units are used for mobile equipment due
to their ease in moving and ability to become quickly operational.
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Major Components

COMPRESSOR. Any of the styles
of compressors can be found in package
units; hermetic, semihermetic, and
open. It is not uncommon to see two
compressors in a package unit. Each
compressor is independent of the other
and feeds a portion of the split evapo-
rator. This type of system is convenient
not only to the maintenance man, but it
will continue to operate at 50 percent
capacity if one of the compressors de:
velops trouble. The maintenance man
can isolate the defective system for
repair while ,the remaining portion of the
system remains in operation.

CONDENSERS. The most common
is the air-cooled condenser. -Refriger-
ant condeqsation is obtained by adequate
condenser surface and maximum air
circulation over the coil and fin surface.
The shell and tube water-cooled conden-
ser.consists of a gas-type sealed shell
containing a Copper coil or tubes. T e
hot refrigerant gas is admitted into t
condenser shell and flows down over the
condenser tubes in which cooling water
is circulated. The refrigerant gas con-
denses on the surface of the tubes and 1-uns to the bottom of the condenser shell. These
condensers are used frequently where the cooling load is heavy Ali the ambient temper-
ature m.ay rise above 90°F. These units require plumbing connections to both fresh
water and a drain or to a water cooling tower, whichever is used. A drain must akso
be installed for the condensate from the evaporator coil. The flow of water through the
condenser is controlled by a water pressure regulating valve which has a small tube
connected to the compressor, sensing the head pressure. As the head pressure varies
the flow of water varies to maintain a constant head pressure.

EVAPORATOR AND METERING DEVICE. *The evaporators used are usually of
the direct expansion type with the refrigerant being metered by the thermostatic expan-
sion valves or capillary tube controls.

Figure 30. Package Unit

BLOWERS. The evaporator blower is usually a squirrel-cage type. In some cases
the unit Nvill have two individual blowers to facilitate the air movement. A double blower
coulit be attached to separate motors or be driven by a single motor having a double
shaft.

*FANS. The condenser fan can be of the squirrel-cage or the propeller tTpe. The
fan-blade style will be governed by the amount of heat to be dissipated from the con-
denser coil, local wind velocities, etc. The condenser fans are Isually wired into the
circuit through a pressure sensing switcolvused as a controller. As the pressure in-
creases or decreases, the fan(s) will become active or inactive. This is known
cycling the fan and is one method of capacity control.
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MOTORS. There are normally three individual motors foueon this equipment:
the compressor drive motor, the condenser fan motor, and the evaporator blower
motor. If the unit has a water-cooled condenser, then the condenser motor is not
required.

POWER REQUIREMENTS. These systems are designed to operate on 220-240v ac,
single- or three-phase power. The control circuits will range from 24v to line voltage.
A typical package unit wiring diagram is shown in figures 31. and 32.

TROUBLESHOOTLNG WLNDOW AND PACKAGE AIR-CONDITIONING UNITS

Troubleshooting an air-conditioning system is not as complex as it may seem.
There are standard procedures, if followed, make it a relatively easy task. By follow
ing the recommendations listed below, almost any malfunction can be determined -

quickly and serviced properly.

Two complaints usually are encountered with air-conditioning units. They are,
no cooling and insufficient cooling. Careful study of the following systematic checks
should cure these complaints.

1. Reset all controls--set room thermostat below room temperature. If the unit iz
equia,1 ith manual reset pressure controls, set them for proper operation.

9. Overall electrical checkoutif the unit fails to operate when the control switcn is
placed in any of the operating positions, check the voltage at the outlet. A test
lamp can be used, but a voltmeter is preferable since both no-load and full-load
voltages can be taken. Failure to obtain a voltage reading indicates a blown fuse,
tripped circuit breaker, or an open in the line between the outlet and the fuse or
breaker box. If the fuse is blown, or the breaker is tripped, and blows immedi-
ately upon replacement or reset, look-for a shorted line in the building wiring. If
it blows on plugging in the service cord or turning on the power supply, look for a
shorted unit line, capacitor, or motor. Check components to ground with an
ohmmeter.

DO NOT USE THE OHMMETER UNTIL THE UNIT IS DISCONNECTED FROM THE

POWER -SOURCE.

IF POWER IS SUPPLIED BY TWO BRANCH CIRCUITS (UNITS WITH gtPPLE-
MENTAL HEATING), OPEN BOTH DISCONNECTS BEFORE SERVICING.

To test for grounds, disconnect the service cord and plug from outlet, with an
ohmmeter set on the highest scale, test between each side of the service line
(not the ground'ime) entering the chassis and the chassis itself. Care must he
taken that the meter probes make good electrical connections to the jitie and chassis.
No continuity should exist between the service line and the chassis, if a ground is
indicated by a continuity reading, disconnect the leads to the various componens
one at a time, and repeat the test until the grounded component(s) are located.
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If the voltage is normal and the unit operates, use a wattmeter to check the air
conditioner's operating efficiency. A low wattage reading indicates that the unitis-not delivering its maximum capacity. This may be due to a low refrigerant
charge, dirty air filters, inefficient compressor, or a defective fan motor. A
high wattage reading indicates a dirty condenser, restricted condenser airflow,
defective condenser blower, binding compressor, low voltage, overcharge of
refrigerant or noncondensables in the system.

If the voltage at the outlet is normal, and the unit fails to function properly, the
trouble will usually be found to be an open circuit. In checking and testing an
inoperative unit, start with the t obvious source of trouble and follow through
the circuit eliminating each co part, connecting wires, and all connections.

da
3. Defective relay--the potential relay used on single-phase units have contacts which

are normally closed with the unit off but may remain in two positions--upen or
closed--after the thermostat or control switch stops the unit. The following para-
graphs explain the electrical test and the resulting compressor motor operation.
If the relay is found to be defective it must be replaced, no attempt to repair these
units Ahould be made in the field.

Starting relay contacts remaining in an OPEN poysitionThe compressor will make
a humming sound but will qot start if the relay contacts are open; then the thermal
overload will open the circuit to the compressor motor. To verify the relay con-
tacts are remaining open, take a piece of No. 12 insulated wire bared at each end
and temporarily touch between terminals 1 and 2 on the relay. When the overload
resecs, voltage will be applied to the start winding. When the cpmpressor reaches
operating speed--2 seconds max--REMOVE THE JUMPER.

The relay can also be checked with an ohmmeter--with the unit power off, and all
leads disconnected from the relay, check between terminals 2 and 5. If there is no
continuity reading, the relay coil is open and the relay must be replaced.

Starting relay contacts remaining in the CLOSED position--The compressor will
start but will run with a loud growling hum and cycle off on the thernial overload
and start again after an interval. To verify the relay contacts are remaining closed,
cut off the unit power and while the overload is cooling off, remove the wire from
relay terminal 1 to the start capacitor. Reapply power and when, the overload
closes, -momentarily touch the start capacitor wire to terminal 1 on the relay.
When tih-e compressor comes up to speed IMMEDIATELY REMOVE THE START
CAPACITOR WIRE: If the compressor operates normally for a period of three, to
five minutes, then the relay must be replaced. If the unit has cycledAr some time
as described above, there is a possibility the high potential applied telhe start
capacitor, due to the relay contacts remaining closed, has caused the start capaci-
tor to break down internally. In such a case neither of the above tests will make
the unit operate until the start capacitor is replaced.

4. Defective start or run capacitor--Capacitors fail either open or shorted, without
test equipment, the quickest way to check is to substitute a known good one for the
suspect capacitor.

ALWAYS DISCHARGE CAPACLTORS BEFORE HANDLING, DISCHARGING IS
ACCOMPLISHED BY SHORTING THE CAPACITOR TERMINALS WITH THE BLADE
OF A SCREWDRIVER.
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Capacitors can also be checked with an ohmmeter as follows. Discharge the capaci-
tor and disconnect the leads. Set the ohmmeter on the highest scale and connect
the probes to the capacitor terminals, if the meter needle moves to a resistance
reading and falls slowly back to infinity, the capacitor is probably good. If the
meter needlevings quickly to the zero end of the scale and stays at or near zero,
then the capacitor is shorted. If the needle reads infinity and stays at that position
and remains the capacitor is open and in either case must be replaced.

Shorted start or run capacitors will blow a line fuse, or cause cycling on the com-
pressor, thermal overlOad protector. An open start capacitor may do the same.
An open run capacitor will not usually affect starting, since the start capacitor
supplies enough capacitance to start the compressor motor. Open run capacitors
will cause a higher than normal running current and will cause a decrease in motor
speed.

Run capacitors are oil filled and the heat from a short, vaporizes the oil into a gas,
creating abpressure, which bulges the can. Open capacitors usually have no evi-
dence of failure that can be visually detected. Shoited start capacitors sometimes
have ruptured tops and occasionally tfiey may even explode. Use cautiod while
checking capacitors under operating voltages. And hex test for a capacitor is to
charge it and then discharge it and observe the spark. To perform this test, dis-
connect the 'power from the unit and,remove the capacitor from the electrical circuit.
Momentarily charge le.capacitor with a fused test cord. If the test cord fuse blows
sthe capacitor is shorted. If the fuse doesn't blow, short the capacitor with a screw-
driver, the capacitor should discharge with a hot spark. No spark at all indicates
the capacitor is open. A weak spark indicates a loss of capacity, in either case
the capacitor must be replaced. A run capacitor can also be tested using the above
procedu.re.

5. Compressor stuck--This is a difficult thing to determine on hermetic compressors.
The best method is to check all other components that might cause the compressor
to stick; motor windings, start relay, capacitors, and wiring. If no fault can be
determined and the compressor draws its Locked Rotor Amps (LRA) rating it is
usually assumed the compressor is stuck. \/
Checking compressor motor--To check foropen windings, touch one leaa of the
ohmmeter to the common terminal of the compressor and the other lead to the
start and run terminal in sequence, a continuity reading must be obtained on each
test. To check for shorted windings, set the ohmmeter on a low scale, shorts can
be anything from partial to direct. A partial short will give a low reading on the
onmrlacter; a direct short will read very close to zero. Shorts cause heavy current
draw and may result in compressor burnout. To check for grounded windings,
scrape a spot on the compressor motor body free of paint to obtain good contact
point. With the power on, touch one lead of a test light to the c6mmon terminal
and the other lead to the compressor body.- The lamp should not light, if it does
light one of the windings is grounded.

If no fault can be found in the windings and the compressor stal will not run, the
;-trouble may be a stalled motor. A stalled motor will draw excessive amperage. .

causing the thermal overload protector to open. Lf the stall is minor, it is some-
times possible to free the motor by opening and closing the circuit switch several
times. Sufficient time should be allowed between tries to allow the overload pro-
tector co cool and snap closed.
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If the unit has been operating under extreme load conditions for a period of time and
fails to restart, sufficient time must be allowed for the refrigerant system to equal-
ize, to reduce the starting torque requirement. If the compressor fails to start
after an equalization time, momentarily reverse the run and start leads. Try
this several times and if the motor starts, rewire it correctly and operate several
times to be sure everything is satisfactory. If the trouble is not remedied by this
test, the compressor must be replaced.

....

Three-phase units--After checking the circuit breakers, fuses, oyerload protectors,
pressure controls, operating controls, and line voltage, and the compressor will
not start, you may assume the compressor is at fault. To verify this, the com-
pressor must be checked for open, shorted, or grounded windings using the test
procedures outlined for single-phase units.

6. Defective or incorrect wiring--Occasionally there are intermittent types of electric
troubles, such as loose or broken wires which are found by a careful check of the
entire electrical circuit and, every connection., As far as incorrect wiring is con-
cerned, the only sure way is to check the wiring diagram carefully.

7. Blown fuse, three-phase equipment--If one fuse is blown and the compressor motor
tries to start,,_locked rotor amperage will be drawn which will either blow another
fuse or trip the motpr overload protector. Replace the defective fuse or fuses and
try to start the compressor again. If the compressor starts and draws normal
amperage, a temporary voltage unbalance may have existed between phases which
caused the fuse to blow. A marginal-sized fuse may also have been installed.
Check the equipment manual and install the correct size fuses.

If the problem,continues to exist, check the line voltage to the unit. Checking line
voltage is extremely important before installing or servicing any air conditioner.
Before the unit is installed, no load and full load voltage must be checked. For
this check, a load checker which simulates full-load condition is recommended.
For single-phase units the voltage must not differ more than t 10 percent from that
specified on the data plate: on three-phase sources there must not be more than a
3 pertent variation between phases. The service specialist must also check the
liae voltage when servicing the unit, because the line may have been overloaded
after the unit was installed. Overloaded lines cause low voltage and create poten-
Val fire hazards. Low voltage will cause the unit to draw excessive amperage
which in turn will cause the built-in protective devices and relays to operate errati-
cally and eventually fail.

When checking a three-phase unit on a 208-volt line, care should be taken that the
208-volt tap on the low voltage transformer is used. If low voltage is encountered,
and is the result of overloaded lines, the condition must 1e corrected. If low volt-
age is the result of the supply lines, the power company must be notified for
correctban.

8. Bisned starter contacts, three-phase equipment--Contacts can close mechanically,
Ilu h. still not conduct electrically. This could happen if the contacts were burned.
To test for this condition, measure contact resistance with an ohmmeter set for
the lowest scale, with the starter contacts closed.

REMOVE ALL WIRES FROM TERMINALS BEFORE MEASURING CONTACT
RESISTA..
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The meter should read zero ohms; if the meter does not Kead zero ohms the con-
tacts must be replaced.

9. Open overload--The oVerload protector can be tested-in the field only for contiauity.
This can be accomplished by using a test cord, or an ohmmeter. If there is con-
tinuity through all contacts, they assume the protector is in operating condition.
The test should be performed with all electrical connections removed from the

_protector. fhe quickest and easiest way to test an overload is to replaceit with
a new one. If the new one trips off after a few seconds, the fault may lie in the
compressor, re14, or start capacitor. In fact, if an overload opens to stop a
motor the chances are it is working properly.

10. No voltage to contactor coilSome units use contactors whose coils operate on 24
volts, others operate on line voltage. If the operating voltage is not known, set the
voltmeter scale to at least 250 volts before measuring voltage at the contactor coil.
This will prevent meter damage. If the coil is the low voltage type, lower the
meter setting.

11. No power to control circuitEvery control system has a power source. This can be
be a low voltage transformer to control gas valves in furnaces and sometimes a
transformer where a separate cooling application is used. Sometimes line voltage
is used. Locate the power source, and measure the voltage to determine if it is
proper.

12. Open pressure control--To determine if the low pressure control is open, remove
the wire from the low-pressure switch and check with an ohmmeter set on the RX1
scale. The meter should read zero ohms if the switch is closed. If the switch i3
open, it may be from a lack of refrigerant. Check the pressure gages. If the
pressure is below 25 psig, there has been a loss of refrigerant. Locate the leak
and repair. If the switch is still open, it is defective and must be replaced.

13. Lockout relay contacts open--When a lockout relay is used it is necessary to break
and remake the room thermostat circuit to reset this relay. If this does not close
the lockout relay circuit and start the unit, the relay contacts are bad or the relay
coil is open. To check the relay, measure contact and coil resistance. If contact
resistance is greater than zero, or coil is open or shorted (zero ohms) replace
relay.

14. Room thermostat openIf a line voltage thermostat is used, its connections can
be easily jumped at the unit or at the thermostat. In a combination heating/cooling
thermostat with a subbase (low-voltage type) jumper the cooling terminals at the
thermosiat. If the unit starts, Jook for trouble at the subbase or thermostat. Make
surg, the thermostat is located properly, and the subbase is perfectly level as this
can affect calibration.

15. Heat/cool interlock open--Many units are installed to operate in combination with
air furnace. An interlock switch is sometimes used to prevent operation

of both units at the same time. These units will be discussed in the next unit of
insthiction.
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"1-6- Open in control circuit WiringUsing the unit wijring diagram, make a terminal toterminal check for continuity. To avoid erroneous indications each circuit must -be isolated before testing.

17. Contactor coil open--When voltage is applied to a cdntactor or magnetic line starter
coil and the coil will not close the contacts, it may be due to an open coil. To checkfor this condition, carefully push the contacts closed with an insulated screwdriver
or wooden stick. If the unit starts the coil may be bad. To verify, remOve the
wires and check, for coil continuity with an ohmmeter. If,the coil tests open, re-
piace it. If the coil has checked open, it has Usually burned out; check for the
cause. Do not make a replacement without finding the cause, or the replacement
will also burn out. The contactor mechanism must be cleaned before the coil isreplaced.

18. Contactor cL buzzing--This indicates the contactor or magnetic coil is energized,
and pulled in, but is not holding it in. Measure voltage at the coil. If it is normal,
the contactor armature is either fouled or the mechanism is binding or tight. Some-
times, insulation material from overheated coils drips on the ,moving parts of the
contactor and fouls the operating mechanism. Contactors with 24-volt coils can-
not operate if the voltage to the contactor falls below 21.6 volts. Check the volt-
ampere rating of the 24-volt tradsformer. The volt-ampere rating is stamped on
the transformer and should be at least 30 VA for contactor coil duty.

Thermostat wiring which is too long is also a possible cause for low Voltage.
Eighteen-gage solid copper wire is the minimum size when the total length of rthe
control circuit does not exceed 120 linear feet. Use larger wire if the run is over
this value.

19. Defective compressor valves--Any failure of the compressor valves will cause low
head-pressure, high suction pressure, low amperage, and poor cooling. Methods
of checking compressor valves were discussed previously.

20. Poor expansion valve bulb location of TEV bulb refer to unit of instruction, Day 11.

21. Inqial pulldownHigh suction pressure is a characteristic of startup and initial
pulldown. This is due to the high sensible temperatures and high humidity loads
on the evaporator. Gradually the sensible and latent heat loads will be reduced
1.nd this will reduct the suction pressure.

22. Too much air over evaporator coil--Most suction pressures given by manufacturers
are based on standard conditions. The air over the coil should be 400 cfm per ton
of unit capacity at a temperature of 80°F dry bulb and 67°F wet bulb. Under test
conditions the sensible air temperature drop, with some condensate flowing from
the evaporator should be 18 to 22°T.

If the airflow is too great, the sensible temperature drop across the evaporator
will be low with little or no Condensate. Reducing the blower speed, where equip-
ment allows should increase the temperature drop, inolfsiThendensate flow, and
decrease suction pressure.
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23. .Excessive refrigerant charge--An overcharge is difficult to detect in cool weather.

This can be explained by discussing what happens to any refrigerant excess. An
excess stays in the bottom of the condenser as a subcooled liquid. This excess

takes iip valuable heat exchange surface, which is needed during hot weather. But
- because the air or water passing over the condenser is cool and condensers are

large, the heat exchange surface may be adequate for light loads. Thus this symp-
tom is likely to show up only when the weather gets warmer and the load increases.
The amount of overcharge is impossible to determine. The symptoms are high
head pressure, high amperage draw for the temperature existing at the condenser.

Once it has been determined that an overcharge exists, proceed as follows.

Check the manufacturer's specifications for correct suction and head pressure

characteristics. Install a manifold gage assembly. Insure the load on the evapo- '
rator is moderately.heavy, 80°F dry bulb or greater., Check the pressures, which

should not exceed manufacturer's specifications by more than 5 psig. If the system

pressures indicate an overcharge, bleed the refrigerant until the pressures are
correct. If the system Ihas a sight glass, the sight glass may also be used; how-

ever it is not considered economical because the system is bled until bubbles appear
in the sight glass and then the system must b,e recharged until the bubbles dis-
appear indicating a correct charge.

24. Tight compressor--Occasionally a new compressor may draw more running amper-

age than normal for existing conditions. This condition may clear up after a break-

in period. If the motor current continues to be excessive, the compressor is
defective and must be replaced.

25. Discharge line' or condenser passes restricted--This can be compared to putting

a valve in the discharge line leaving the compressor. The more the valve is

closed, the more resistance the compressor must overcome. To solve this prob-

lem, the obstruction must be found and removed.

26. Low air or water flow through'the condenser--Low airflow through an air-cooled
condenser causes high head pressure and excessive amperage draw. The condenser

must remove the heat effectively. Examine the installation to,be sure the air passes

are not blocked by dirt or foreign objects. Placement of the condenser must be so

as to not cause an air obstruction or high wind problem. Low waterflo*through
a water-cooled unit will cause the same symptoms as low air through an air-cocated

unit. On straight waste systems the waterflow must be adjusted to maintain its

temperature to 95°F leaving the condenser. On cooling tower systems, the water-

flow rate is determined by two factors; which were discussed in day 11.

27. Recirculation of condenser air--Check air temperature at the inlet to the condenser;

then check the air temperature well away from the condenser. If temperature 'read-
ings are not the same, recirculation is occurring. Reinstall, if possible, so that
proper circulation can be obtained.

...
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28. Defective condenser fan motor or fan capacitor--Before any condenser motor ischanged, a series of tests must be made. Are the bearings tight? Spin the fanblade with the power off. The fan should rotate freely for a few seconds. If thfan is tight, it may be from a lack of oil; lubricate with SAE 10-20 oil. If oilidoes not cause the motor to turn freely, check the bearing for damage or se ing.If the motor turns freely with no applied power, the capacitor should be eckedusing the procedure discussed previously. The motor should also be checked formen, shorted, or grounded windings.

29. Improperly wired condenser fan motor--If the motor was chang\d,- check the wiring kagainst the wiring diagram.

30. Wrong voltage to condenser fan motor--If a 230-volt, single-phase indensing unitis installed on two legs of a 3- or 4-wire 208-volt network, this is a .efinite mis-application of equipment. The remedy for this is a costly one. To emedy this,a motor designed for 208 volts could be installed or the complete un t replacedwith a three-phase 208/220-voIt unit. In some cases a boost and bu transformerhas been used to increase the voltage to the fan motor. This problem .. n be elimi-nated entirely if careful attention is given to the voltage available before ...e motoris installed. When low voltage is applied to a fan motor, it runs more slow anddoes not move the required amount of air through the condenser. In hot weat er,this causes the head pressure to rise, increasing operating costerrid'possibtripping of the high pressure control. The same voltage conditions that af ct thecondenser fan motor also affect the compressor motor.. A straight 230- sIt unit
'

is not designed to operate at 208 volts.
---

31. , Air in the refrigerant system--Use the procedure discussed in earlier units forthis trouble.

32. Low airfloW through the evaporator--USUALLY ACCOMPANIED BY A FROS DCOIL AND SUCTION LINE. In order to obtain the proper suction pressure',should move across the evaporator at 400 cfm per ton of refrigeration caToo little air will cause too little heat to be absorbed by the evaporatox. If th .air is not being cooled more than 22°F suspect insufficient air across the evapbra-tor. Low airflow is a situation that can be caused by many things, when it occhrsthe temperature of the coil surface is reduced below the freezing point, the accumu-lation of frost further reduces the airflow and eventually the coil is completelyblocked with ice. In considering this trouble, thought must be given to all the thingsthat can reduce airflow. Some are obvious, others are harder to ^find. A thoroughcheck of the following must be made. Condition of the filters, fan belt for slippage,blower for correct rotation, current draw on blower motor to determine if it isoverloaded. Check the blower speed and increase by closing the motor pulley'shefaves, checking the motor current draw after,each adjustment. Nameplateamperage must not be exceeçled by more than 10 percent. If this does not correctthe condition, a thorough ch k of the, ductwork and registers should be made fort proper adjustment. It mag3e that the ductwork is inadequate, a heat gpin calcu-lation and cfm requirement check should be made.

4
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33. Discharge air register stratificationTo determine Whether stratification cooling
is occurring, measure the temperature at floor and ceiling heights. If the tempera-
ture difference is greater than 5°F, stratification is present. Register location is
very important for proper operation. For exa:mple, low sidewall registers do not
usually work too well for cooling unless the register louvers are adjusted to throw

14 the colder and heavier air up where it can mix with the air near the ceiling. Unless*
this is done, the cool air will leave the register, cling close to the floor and spill
into the return air without ever cooling the room. Good mixing of cool conditioned
air is. necessary no matter where the registers are located. A rule-othumb for
registers is 600 to 700 fpm for cooling applications. Velometers and anemometers
can be used for setting registers. Restricting the registers too close can cause
whistling noises. For this reason, careful adjUstment is required to avoid cbring
one complaint and causing another.

34. Low outside temperatureThere are applications where there can be a very high
internal load when the outside air4pmperature is quite low. This occurs When
there is a high concentration of people such as in theaters, meeting rooms, etc.
When.a condensing unit is operating with low outside temperatures, the capacity
will be reduced because the unit will cycle on the low pressure control and there-
fore not be running all the time. The compressor can be kept running all the time
the thermosla-els calling for cooling by using a pressure control which closes on a
pressure rite and opens on a pressure fall. This control is installed to start and
stop the condenser fan or fans in response to these conditions. Other methods of
condenser capacity- control were discussed previously.

35. Low refrigerant charge--Measure the temperature drop across the evaporator.
It should be 18 to 22°F. Ch4 suction and discharge pressures and sight glass,
if one is installed. gonsult manufacturer's specifications for proper presiures.

36. Restrictions in capillary tube or refrigerant expansion valve distributors--There
are several symptoms indicative of this condition. First check suction pressure.
A lower than normal suction pressure is one symptom. Next temporarily shut off
evaporator blower motor and allow the condensing unit to operate. If there are no
restrictions, the evaporator will frost uniformly across its surface. If restricted,
those sections that are restricted will not frost. To remove the resViction, pump
the unit down to 2 psig. Remove' the, capillary tube or expansion and repair or -

replace, also install a new drier..,

37. Liquid line restricted--Restriction of the liquid line results in a starved coil,
this in turn results in 16w suction pressure and a temperature across the coil
exceeding 18 to 22°F.

38. Drier restricted--Feel the drier with your hand or take a measurement of the
temperature at the inlet and outlet of.the drier for an indication of its condition.
Any noticeable temperature difference indicates a restricted drier.

39. Suction line restrictedr-A restricted suction line is indicated by low/ suction pres-
sure. Sometimes refrigerant lines are restricted by flattening the lines when
bending during fabrication or with some object accidentally. Examine all parts
of, the line for physical evidence of damage. kThe best check is to actually measure
the suction line pressure drop. This procedure was discussed in the classrotm'
in an earlier unit of instruction.

,.
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40. Superheat setting too high--Yhe superheat setting for air conditioning is normally
10°F. A setting higher than this warrants valve adjuStire nt.. Superheat setting
wasAiscussed in a previousimit of instruction.

41. Overheated co
1

mpressorSometimers on a hot day, the compresbor overload will
trip due to an undercharge of refrigerant. The gas returning to the,compressor
motor windings will have a higher superheat due to the undercharge. The higher
superheat gives inadequate cooling to the motor Which causes the overload to trip.
In this situation, the suction pressure will be lower than normals but not low enoudi
to cause the low pressure switch to open. In this case, the unit was undercharged
originally, or there is a leak. On an um: rig_sjaerrged unit always look ior a leak first,the if a leak is not found it is obvious what has happened.1 .

o

42. High ambient temperature ound the magnetic starter--The overload protectors
the magnetic starters a tunot temperare compensated. Thus if they aree

nstalled in extra wkrm locations, they will trip at lower than normal currents.
Conversely, if they are installed in a cooler than normal location, more current
is required to trip them. The firssituation causes nuisance tripping; the second
causes damaged compressors and motor.. Always install a magnetic starter in a
place where uniform temperatures are ejnsting and do not exceed 95°F. DO NOT
USE OVFAILOADS WITH HIGHER RAT GS THAN THOSE SPECIFIED B.Y THE

\ MANUFACTURER.,

\

s

SUMMARY,

,

This unit of study has presented the fundamentals of the various operations and
applications of window and package air-conditioning systems. In addition, the installa-
tion, maintenance, and troubleshooting information provided can be of consiclerable,

I help to the serious student of these systems.
\
,

\

\ REFERENCES;
\ .

Textbook; 'Modern Refrigeration and Air Conditioning, Althouse, Turnquist, Bracciano
I
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RESIDENTIAL AIR-CONDITIONING SYSTEMS

OBJECTIVES

. This study guide will aid you in learning the operation, service procedures, trouble-
shooting, and repair of residential type air-conditioning systems.

LNTRODUCTION

It is not your primary duty to service and repair furnaces. However, since the
furnace is often an integral part of the air conditioner, it is necessary to understand
the operation of the furnace to service the air conditioner. The unit that will be dis-
cussed in this study guide is a 100,000 Btu gas-fired furnace and a 38,000 B bi elec-
trical air conditioner.

HEATLNG AND CO0aNG SYSTEM

Since the heating and the cooling are produced in the same portion of the package
(the furnace body), let's look at the overall basic structure of the combined units as
shown in figure 33. The following are used by both heating and cooling operations.

Air Distribution

Air conditioning requires that the right amount of conditioned air be supplied to
each room or space, to maintain the desirable conditions of temperature, humidity,
and air movement. No matter how accurately the cooling and heating unit is selected,
or installed, good unit performance will result only if the distribution system is pro-
perly designed and installed. Good distribution systems require ductwork with registers

qtkhd grilles to" accomlih the desired results. Residential heating/cooling systems
always require some type of duct system which usually will contain the following.

THE RETURN PLENUM. Air-is returned to the plenum either by ducts or velocity
pressure from the controlled space-for reconditioning.

THE FILTER SECTION. In this section the dust, lint, and other foreign materials
are filtered out of the air prioriio reconditioning.

THE BLOWER SECTION. This section contains the unit used to convey the air
through the active conditioning process and recirculates it back to the space being
controlled.

THE HEATING OR COOLLNG SECTION. This is where the air is conditioned to the
desired temperature.

THE SUPPLY AIR PLENUM. In this section. the reconditioned air is collected
prior to being distributed into the various parts of the house or building.
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THE SUPPLY DUCTS. Supply ducts are used to convey the recOnditioned air to
the rooms being serviced. They are normally round in construction and are insulated
to prevent heat.gain or heat loss between the controlled variable and the system. Each
of the ducts are supplied with a balancing damper in the outlet from the plenum and a
room damper in the outlet extending into the controlled space. The balancing damper
is there to insure that the proper amount of air enters the controlled space to achieve

the desired condition.

THE DUCT OUTLETS. Duct outlets in each room contain a grille device to uni-
formly distribute the pattern of airflow to achieve maximum results. There are sev;
eral types of outlets depending on the design of each application.

A review of the units of instruction covered on Day 16 and 17 will answer any
questions you mi t have, concerning the sizing ancLadjdstments of ducts and air dis-
tribution systems.

Cooling System

The cooling systemsconsists of an electrical air-conditioning unit. It has a capac-
ity of 38, 000 Btus per hour. This size unit is adaptable to Capehart or.Wherry hous-
ing units found on most bases. It can adequately cool a floor space of 1500 to 1800
square feet. This figure is derived from,the general rule of tlumb for use with smaller
air-conditioning systems or one ton of refrigeration will cool 600 square feet. The air
conditioner is divided into two major sections. The condensing unit section is maimed
outside of the house on a concrete slab, and the evaporator section is mounted in the
supply air pleruim above the furnace body.

CONDENSER. The condensing unit is really very simple in makeup and resembles
a window unit in construction except that the evaporator isn't inside the-unit body. Com-
ponents contained in the condensing unit are: condenser coil, compressor, condenser
fan and fan motor, controls, wiring, and tubing.. The evaporator section consists of
the evaporator coil and TEV or capillary tube depending on the type of metering de,:ice
required by the unit.

COMPRESSOR,. The compressor contains high-speed hermetically sealed motor
and is very efficient if all proper procedures and precautions are'followed. A crankcase
heater is installed around the Compressor body to keep the oil warm, thus keeping the
liquid refrigerant boiled out of the oil at all times. If the current flow to the heater is
interrupted, the oil must be reheated the same length of time as the interruption--up to
12 hours. The heater must be operated 12 hours prior to startup on the system follow-
ing shutdown No more than 12 hours are required to heat the oil at any time.

CONTRO S. All of the control's are located in the control Panel within the con-
densing unit. By removing the control panel cover, it is possiblsee everything
but the condenser and fan. The unit is equipped with a stepdown transformer, but la
this application it is not used. The control voltage is drawn from the transformer of

the furnace. The same circuit is wired in series with the dual-purpose thermostat.,
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Condensing Una Current Flow

CONTROL CIRCUIT. The control circuit consists of two separate circuits. One
of these is a 26v ctrcuit and the other is a 240v circuit, see figure 34. In the low volt-
age (dashed lines) circuit, current flows from the transformer (yellow) to terminal C
on the thermostat subbase, to the control relay coil (blue), back through the thermo-
stat (yellow), and returns to the transformer (yellow) to complete the 26v circuit. If

the thermostat is calling for cooling this will energize the cod of the control relay,
close the contact points and energize the 240v circuit (solid lines). This will allow
current to flow from line to the bottom of the contactor (black), to L2 on the terminal \\
block (red), to terminal 4 on the other terminal block (orange), to the holding coil on
the contactor (blue), bask to terminal 3 (black), to terminal 2 to the low pressure and
high p-essure controls (red), to the points on the control relay (red), to Li on the first
terminal block (orange), back to the bottom of the other side of the contactor (blue),
and retu:ns back to line. This will close the contact points on the contactor sending
power to the compressor and fan.
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Figure 34.

POWER CIRCUIT. The power circuit is composed of three separate circuits.
Thee.e are the crahkcase heater circuit, the condenser fan circuit, and the compressor
circuit, see figure 35.
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Crankcase Heater. This circuit is energized whenever the main switch to the unit

is closed. Current flows from line to the bottom of the contactor (black), to L2 on the

terminal block (red), to the crankcase heater (black), to the control relay (bloat), to

L1 on the terminal block (orange), to the bottom of the other side of the contactor (blue),

and-back to hne-(black).

'Condenser Fan. Current flows from line to the bottom of the contactor (black),

to L2 on the terminal block (red), to the fan motor (black), and the fan capacitor ;brown).

to the contact points on the control relay (red), to Ll on the terminal block (orange),

to the bottom of the other side of the contactor (blue), and back to line (black).

Compressor. Current flows from line through the contactor to the start relay,

capacitors, and compressor. This unit operates the sa:me as the unit e lained.in

Block I with a potential relay. The points are closed on start allowin current flow
, to go to the start capacitor and start winding. As the motor picks up speed, the points

are opened by the relay coil stopping the applied current flow to the start winding and

removing the start capacitor from the circuit. Flgure 36 shows the complete wiring

of the condensing unit.
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Figure 36. Complete Condensing Unit Wiring

HEATING SYSTEM

The heating system consists of a gas-fired furnace rated 0400; no Btu per hourinput at the burner and 80, 000 Btu per hour output into the co6trolled_space. Seefigure 37 for the component locations.

Component Functions

THE FURNACE BODY. It consists of the outside shell and the structural members.

THE GAS PRESSURE REGULATOR. This regulator is a diaphragm type gas valvelocated in the gas line. US purpose is to supply gas at a constant pressure to theburners.

The type of gas used in the furnace burners is dependent upon local gas usage.,It can operate on natural or bottled gas. If the type of gas is changed, the jets in theburner must be changed to accommodate the new type of gas.

THE GAS VALVE. The gas valve is a two-position solenoid valve and is used tocontrol thellow of gas to the burners.

THE GAS BURNERS. -The burners are made of cast iron with several holes or(outlets) twenly distributed along their length. The majority of gas burners are theBunsen type and operate with a nonluminous flame. The air supply must be adjustedso that all the gas is consumed in the combustion chamber. Unburned gas causes
carbon deposits to clog up the heat exchanger.

67

4 2,j



,

-

HEAT EXCHANGER

LIMIT SWITCH

FAN SWITCH

TRANSFORMER
I

FAN RELAY-"4"

GAS VALVE

GAS PRESSURE
REGULA TOR

CENTMFUGAL
FAN

FILTER SECTION

RETURN AIR
GRILL

Figure 37. Gas-Fired Furnace

THE FAN. It is of the centrifugal forward curved type and draws air from the
return plenum forcing it through the heat exchanger and out the ducts to each room.

THE HEAT EXCHANGER. The heat exchanger consists of two completely sepa-
fate sections. The fire is produced in one section and the conditioned air is passed
through the other section.

THE TRANSFORMER. The transformer has a primary voltage of 120v ac and a
secondary voltage of 26v ac and a capacity rating of 40 VA. It supplies the control
circuit for both the cooling and heating cycles.

THE FAN SWITCH. The fan switch is used during the HEATING CYCLE ONLY.
The switch has a bimetal element that closes on a rise in the temperature: The bimetal
element is extended into the heat exchanger to sense the temperature (changes) and
cycle the blower fan. t

1
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THE LIMIT SWITCH. This switch is a high temperature safety device. If the
temperature inside the heat exchanger exceeds 200°F, the limit switch will open and
cause the gas valve to close stopping the burnet flame.

THE PILOT LIGHT. There are two types of flame safety devices activated by the
pilot light flame. They are the thermocouple and thermopile. When the thermocouple
is heated by the pilot flame, the thermocouple produces millivolts that energizes a
magnet cOil in the pilostat. ,With the thermopile the millivolts produced provide the
current, in series, to the gas burner control circuit. If the pilot light goes out, the
circuit to the gas valve is permanently opened and cannot be reclosed until the pilot
is reignited. A typical furnace electrical system is shown in figure 38.
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I The principle of operation for the automatic pilot is as follows

Li. 1 The comtant burning pdot, in addition to performing the burnea
I lighting function, is directed so as to heat the hot junction of the
il thermocouple th the automatic pilot C4rCutt The thermocouple

THERMOCOUPLE gen eeeee s electricity which energizes an electromagnet

Heating and Cooling Thermostats

The thermocouple operates on the principle that when two
dissimilar metals art Connected together at their respective ends and
one Junction or connection is maintained at a higher temperature
than the other, an electrical potential and current flow is produced
in the system.

A simple ironiconstantan thermocouple is shown.

Figure 38.

All thermostats serve the same purpose; to control the temperature range of the
controlled variable. The thermostat that is covered in this area of instruction is the
dual-puiTose, low-voltage, heating-cooling thermostat used in domestic, applications. .

Low-voltage thermostats operate on 24 or 26 volts depending on the current load
and type transform&. used. In homes, wired for 110 volts, the 24-volt thermostat
is used. NeW.er homes, wired for 115-120 volts, provide the thermostat with 26 volts.

There are several styles of thermostats; the one most commonly used is the type
which places the contactors,in a sealed glass bulb containing mercury. The bulb is
attached to the sensing device, normally a bimetal coil and the bulb tilts in response
to the change in the controlled variable.

I
THERMOSTAT SUBBASE. The dual-purpose thermostat has two major,components,

the thermostat and the subbase. The subbase serves as a receptacle for the wiring
,and the cooling Miticipator. ,
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Anticipators

Since low-voltage temperature thermostats are operated solely by mechanical
action, they are not too sensitive. This results in wide temperature variations in the
controlled space in both the heating and cooling cycles of the system. To compensate
for the mechanical action and to increase the sensitivity of the instrument, a device
known as an anticipator is added to the thermostat,

THE COOLING ANTICIPATOR. The cooling anticipator appears as a fixed resi3-
tor in the thermostat subbase. The anticipation function is the reverse for the cooling
cycle. The cooling anticipator is active only during the OFF cycle, and is wired in the
thermostat circuit in paiallel with the power source. During the OFF cycle, the points
in the contactor are open, so current taking the path of least resistance will divert
through the anticipator and produce a minute amount of heat which is sensed by the
bimetal coil in conjunction with the rise in the room temperature. This small amount
of heat causes the thermosta% to react prior to the temperature in the controlled space
getting too warm thus allowing the temperature differential to be within + or - 3°F.

Re Member, the heating anticipator is wired in series with the control circuit,
and the cooling anticipator is wired in parallel with the points of the thermostat.

HEATING ANTICIPATORS. These anticipators generate a small amount of heat
inside the thermostat dunng the heating cycle. The bimetal element senses two heat
sources; the room temperature change and the temperature change emitted by the
anticipator. This causes the circuit to be broken a few moments before the room
temperature is reached closing the gas valve and shutting off the burners in the fur-
nace. Then the remaining heat in the heat exchanger is discharged into the room
which raises the temperature to the set point. When the thermostat calls for heat,
the gas valve will again open and the burner will ignite repeating the cycle until enoLgh
heat is produced to satisfy the thermostat. With the incorporation of the anticipator,
the undesirable condition of wide temperature variations between cycles is eliminated
The anticipator can contain the room temperature to + or - 3°F differential.

Heat anticipators are normally adjustable. Adjustment is generally aCcomplished
by placing the wiper arm at the correct resistance value. If you know the current
draw_.of the gas yalve, set the wiper arm at that point. If the current draw is unknown,
use a very sensitwe ammeter and determine the amperage draw. If the anticipator
has to be adjusted by.trial and error, move the arm one direction; and if short cycling
occurs, move it in the other direction a little at a time until satisfactory results are
obtained.

Current Flow on the Heating Cycle

When heating is desired the heat/cool switch on the thermostat, is in the heat posi.-
non and the fan switch on the thermostat is in the AUTO position. Using the diagram
in figure 39, let's trace the flow of current. Current flows from the left side of the
transformer to R on the thermostat. No current will flow to 0 because the switch is
on heat. Current then flows to terminal 2, to terminal 4 and through the heat antici-
pator. From the heat anticipator, current flows to the mercury bulb. If the thermostat
is calling for heating, the bulb will be in the position gs shown in figure 39 and current
will flow through it to terminal 5 on to terminal 1. It then flows throUgh the switch to
terminal-1N to the gas valve, pilot, and limit switch and returns to the right side 'of t%e
transformer. 70
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Current Flow to the Fan

The heat/cool switch and the fan selector switch takes the coil on the fan relay out
of the circuit so the fan operates on the upper contacts of the fan relay. Current flows
from line to terminal 4 on the relay through the upper contact points to terminal 5
on the felay through the fan switch to the motor and returns to line. The fan switch
cycles the fan.
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TROUBLESHOOTING

Terminal Designations

Manufacturers of control panels have terminal designations by code letter to facili-
tate the system hookup of extptn I debises and to troubleshoot the entire system of the
residential heating/cooling unit from a entral location.

The control panel is the nerve center and connection box for the heating/cooling
system. These panels are usually centrally located and the terminal arrangement is
designed so certain terminals may be used for isolating vari.ous parts and to siplify
troubleshooting the entire system.

the terminal designations listed below are the common ones used by various mLnu-
tacturers and should be memorized.

or R -- Hot switched, leg of 24-volt power, used on heating and cooling
thermostats or heatinVcooling thermostats with common power.

H or W Heating single-stage only, cycles with bimetal switch.

C or Y Cooling single-stage only, cycles with bimetal switch.

F or G Fan circuit.

2 or B Constant energization through manual switch when in HEAT position.

D or 0 -- COnstant energization through manual switch when in C0OL position.

M or R Isolated power terminals for heating circuit, used on heating/
cooling thermostats with isolated circuits, jumper when used with
common power.

or RC -- Isolated power circuit for cooling circuit, used on heating/cooling
thermostats with isolated circuits, jumper supplied.

H1 or W1 -- First stage of two stage units. (Heating)

1-12 or W2 -- Second stage of two stage units. (Heating)

Cl or Yl. Firgt stage of two stage units. (Cooling)

,C2 or Yi -- Second stage of two stage units. (Cooling)

L or X Warning.light, dirty filter, electronic heat; etc.

These designatIons are the best tools to spot a system, panel, or component mal-
function or failure by using a jumper wire across the correct terminals.

The condensed troubleshooting chart, figure 40 and the illustrations that follow
show the terminal connections for each part of the panel circuits and Ur method for
troubleshooting that part.

.0*
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HEATING REVERSING RELAY
FAN OPERATION COOLING OPERATION OPERATION OPERATION

JuMl'ER to R JuMeER V* TO R J,IPER W TO R JLIMPR W

ir THE RELAY DOES NOT PULE IN THE TROUBLE IS IN THE TRANSFORMER.

RELAY cUIL, OR IN THE WIRINu

'0 P

JumPIR THE PRESSURE SWITLII AND OyEnLuADS of AEC» ILI MAKE

LERTAIN 714Ey ARE NOT OPEN OR DEFECTIVE

It THE RELAY PULLS IN. HA TROUBLE IS IN THE THERMOSTAT OA IN THE

WIRING CONNECTIONS I

It THE RE,1AY PULLS IN BUT THE UPERATION DOES NUT START

DAMPER OPERATION

JUMPF 0 TO FT

IF THE DAMPER OPERATES TE TROUBLE IS AT THE

THERMOSTAT OR IN THE WIR NG

1
IF THE pAMPER 00E5 NO1 OPER TE. THE 'TROUBLE
IS IN THE DAMPER MOTOR OR IN HE WIRING TO IT

JUMPER HA I TERMINALS

IF THE FAN STARTS, THE TROUBLE IS IN

THE RR AY cONTACTS

IF THE IAN OOLS NOT START, DIE TFIOULILE

IS AT THE I AN MOTOR OR IN Da WIRING

C.

JUMPER TERMINALS LI TO Ti AND1.3 TO T3
OF THE STARTER OR CORRECT TERmINALS OF

THE RELAY

IF THE COMPRESSOR ST ARM. THE TROUBLE IS.

IN THE CONTACTS

IF THE cOMPMSSOR DOES NOT START 4HE

THE TROUBLE IS AT THE LownlEsson iloTon
OR IN THE WIRING

JUMPER TERMINALS W TO C (PANEL POWEREOI

OR 7 TO T (EXTERNALLY pOWEREOI

IF THE BURNER-STARTS THE TROUBLE IS IN THE

RELAY CONTACTS

IF THE BURNER DOES NOT START. THE TROUBLE

IS AT THE FUEL VALVE. SAFETY CONTROLS OR

OR THEIR CONNECTIONS

JUMPER TEIO.IINAlS El TO y

-
IF THE HEATINE, fOUIPMENT STARTS. THE 1ROUEILE

IS IN THE RELAY CONTACTS

Figur, 4.

J

IF THE HEATING EOLAPMENT DOES NOT START,

THE TROUBLE lb IN TIIE HEATINL, EOLAPMENT

OR THE WIRIN6 TO II
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Power Circuit 44'
When-a voltmeter or test lamp is the electrical test instrument which is available

to you, you must then perform your dectrica4 test on a live circuit. The voltmeter
range or scale and the test lamp voltage ratidg must be equal to or higher than the cir-
cuit voltage being tested. LI you are using a multimeter, be sure that it is not in the
OIIMS position as it will cause damage to the meter movement.

Figu are typi 1 electrical power connections for low-voltage trans-
f o r me ential heating and cooling systems. Test points and trouble-
shoot g a..roaches wi se discussed in refoen,ce to figures 41, 42, and others that
will

TERMINAL
BOARD

TRANSFORMER

Figure 41.

TO PANEL COMPONENTS
OR LOW VOLTAGE

TERMINAL BOARD

F2. TO PANEL COMPONENTS
4 V OR LOW VOLTAGE

TERMINAL BOARD

TRANSFORMER

CONTACTOR OR

LINE STARTER

Figure 42.

TRANSFORMER POWER TEST. A test ta.srnp or voltmeter' will determine irthe
primary coil of the transformer is being supplied with voltage but will hot indicate that
the primary coil is actually consuming power. An ammeter, either in series or of the
clamp-on type, or a test lamp wired in series with the primary, win confirm that power
is being consumed by the transformer. Voltage at the secondary of the transformer
assures us that the primary coil has voltage and current is flowing in it. The current
flow in the primary will be lowest when the secondary is open circuited.
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/The test points will be at a terminal board or at the line connections of the con,tactor or line starter. Even if voltage is indicated at the test points, it may not be ableto reach the transformer because of an open in one of the power leads. A test forcurrent flow will determine if an open does exist in the primary side of the trans-former. Without an ohmmeter, the circuit must be tested for current flow in order todetermine if the coil is open. Zero output from the secondary, with voltage availableto the transformer, is usually a good reason to change the transformer.

With the test lamp or voltmeter leads connected between the transformer powefwires at the terminal board or contactor, the light will light and the voltmeter will readvolts if the voltage is present at the test.points. If the lamp or voltmeter does not in-dicate voltage, check the fuses and wiring ahead of the test points. The transformel-
power wiring is shown in figure 41 and 42. The test points in fipre 41 are tefminals 1and'2.. The test points in figure 42 are terminals Ll and L2.

Figure 413 illustrates the connecting arrangement for the test leads for both thevoltmeter and the test lamp. Only one instrument will be shown. A quick check forvoltage on the secondary side will often save you time because if voltage is present onthe secondary, the primary must be functioning.

TRANSFORMER

4
SECOADARY

OUTPUT

TEST
INSTRUMENT

Figure 43.

Transformer Low-voltageiCircuit

FROM LINE VOLTAGE

TERMINAL BOARD

Low-voltage transformers often have connerrting terminals directly on them and
are therefore easy to test for voltage output. Sometimes the secondary voltage is
available for testing and usage only at a terminal board. Figure 44 illustrates the test
instrument connections for checking the trantformer output voltage, at the transformer,
with open circuit conditions. This test is valuable because it isolates the transformer
being tested from any other transformer that may be paralleled to it. The open circuit
voltage may be good; however the closed circuit voltage may be too low when power is
actually being consumed by the circuit devices. Too much load on the secondary side
of the transformer will usually cau e voltage to be low; therefore, a closed circuit
voltage test is also valu-able. If th mp glows or the meter reads, power is
available: if not, the primary side o e t sformer is not functioning. The cause
may be an open in the primary power r in the transformer coil itself. I ,.

N9Tg: When testing a low voltage cont 1 circuit with a voltmeter or test
lamp, such as when you trace voltage av ilability through the circuit, you
must remember that the low-voltage control circuit is isolated from the
ctassis of the machine and the neutral buss terminals, if a neutral exists.
Voltage reading will),only occur when test leads are connected to wires and
terminals physically connected to the transformer output.
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LI

NOTE: ONE LEAD
IS DISCONNECTED

SECONDARY

CIRCUIT

'

TEST
INSTRUMENT

144111

TRANSFORMER

Figure 44.

41.

LINE
VOLTAGE

Relay ' Coil Circuit Test

Testing the voltage at the relay terminals is the same thing as testing the output
terminals of the transformer, but, by testing at the relay itself, we have eliminated
the guesswork about the wires not carrying the voltage to the relay. If voltage is avail-
able at the relay, as would be indicated by the test lamp glowing or the voltmeter read-
ing we can then assume the secondary circuit is good up to the relay. Now, if the relay
does not operate, the cause will probably be an open in the relay coil itself or a me-
chanical malninction of the inoving parAs of thezelay. If current dces flow through the
coil, the problem must be mechanical* Figure 45 shows the test instrument connections
that will check the voltage available to the coil of the relay. Figure 46 shows a method
of using a test lamp to confirm that current is flowing through the coil; therefore, the
coil is probably good and a mechanical disorder is present in the r lay, if current is
flowing through the relay. The test 1ranp bulb will glow if the coil/las continuity and
current is flowing through it.

LINE LOAD

RELAY COI '

TEST !NM

POWER FROM TRANSFORMER

Figure 45.

.41
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RELAY
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Cooling Circuit

. Figure 47 illustrates the circuits involved in ccintrolling a single-phase compressor
with a contactor. The operation of the contactor is controlled by a low-voltage-control
circuit which includes a dual-pressure motor control, thermal overload relay contacts,
and an indoor thermostat as functional controls. The contaceor is actuated by an opera-ting coil in response to the control circuit. The use, of an overload relay which sensesthe current flow of the motor, offers current overload protection which will open thecontrol circuit and stop the compressor in the event of overload conditions. If the over-load protection were built into the contactor. the contactor would then be classified as
a line starter. The operation of the overload relay is the same for the line starter asis for a separate relay used with a contactor. The heater of the overload relay is inserles with the motor,load wire while the thermal contacts of the relay is in series withthe control circuit.

OPERATION. Figure 47 shows that the thermostat contacts are in the OPEN posi-tion: therefore, the compressor contactor will not be closed because the operating coil
is deenergized. When the thermostat contacts do close, the contactor will start thecompressor, provided that the control circuit safety devices are all closed.

TRANSFORMER
TO LINE
VOLTAGE
TERMINALS

230 V

TERMINAL
BOARD

OPMCI 0-0
_

OVERLOAD
RELAY B
HEATER cx)

J

HOLDING
COIL

THERMOSTAT

COMPRESSOR
CONTACTOR

Figure 47.

I.

TROUBLESHOOTLNG. Start troubleshooting by bypassing the indoor thermostat
with a juniper wire. If the compressor does not start, check the control circuit safety
devices for opens. Some units depend on the compressor safety devices being closed
before the control transformer can be powered. Check for control voltage availability.
If control voltage is present, start jumpering the other safety devices in the controlcircuit _mai the contactor energizes. If the compressor runs as a result of the jumper
test, yva have found the disorder. If the contactor does actuate, but the compressor

Jails to run, the contacts of the contactor are burned or mechanically' stuck open. It is
also possible that the line voltage may not be available to the contactor line terminals.
If line voltage is available, it may be necessary to manually close or jumper the contacts
of the contactor to check the compressor electrically.
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Fan Circuit

The typical fan circuit shown in figure 48 is shown in the feenergized position.
The fan relay is energized on a call from the thermostat or /lithe fan switch is in the
ON position. The fan switch may also be energized through the starter or contactor.
When two-speed fan motors are used, the low speed is controlled by the plenum switch
and operates on the heating cycle: the high speed is controlled by the fan relay and
operates on the cooling cycle.

LINE
VOLTAGE .

TO LINE VOLTAGE
TERMINAL BOARD

LOW VOLTAGE
TERMINAL BOARD

TRANSFORMER

Figure 48.

THERMOSTAT
OR

SEL ECTOR
SWITCH

To troubleshoot the fan.circuit jumper terminal G to R which bypasses the external
control circuit, If the relay does not pull in, the trouble is in the relay coil. If the
relay pulls in and the fan starts, the trouble is in the external control circuit. Check
the external control circuit to determine the defective component and repair or replace
it. If the relay pulls in but the fan does not operate, jumper the F terminals.

CAUTION: These terminals are line voltage.

If tne fan starts, the trouble is in the relay cohtacts and the relay must be replaced.
If the fan does not start, the trouble is in the fan motor or the wiring to it. Check for
open circuits in the motor or wiring.

Damper Circuit

The simple damper circuit shown in figure 49 is typical of the type used with heating
cooling systems. The damper motor is connected to the,C and 0 terminals or the Y
terminal in the panel. The ON cycle of the damper motor is controlled by the thermo-
stat or selector.switch.
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TO LINE VOLTAGE
TERMINAL BOARD

LOW VOLTAGE
TERMINAL BOARD

TRANSFORMER

THERMOSTAT

Figure 49. ,-,.......

t
To tr3tibleshoot the damper motor circuit, jumper terminal 0 to R which bypasses

the exter:ial control circuit. If the motor operates, the trouble is in the external con-
trol circuit. Check for open circuits or control defects. If the damper does not oper-
ate, the trouble is in the damper motor or the circuit to it. Check for open circuits in
the wiring or the damper motor and repair or replace.

Reversing Relay Circuit ,
The reversing relay has two sets of contacts forming an interlock to prevent the

coohng system from operatmg when the selection switch is set for heating and also
prevents the heating system from operating when the selection switch is set for cooling.
The thermostat bimetal operates the reversing relay to make and break the relay con-
tacts. The IRI (heating) contaCts make when the external control actuates the relay
coil. When the relay is deenergized, the IR2 (cooling) contacts are made._ The cool-
ing system is energize from the 0 terminal which is energized from the B terminal
which is energized on h ating: (See Figure 50.)

To troubleshoot the versing relay circuit jumper terminals W to R which bypass
the external control circui If the relay does not pull in, the trouble is in the relay
coil. If the wiring is not brAten, the coil is defective and must be replaced. If the
relay pulls in, the trouble is n the external controlc ircuit, check for an open circuit
in the wiring or controls and pair oil replace. If the relay pulls in, but the heating
equipment does not operate, ju per terminals B and V. 4f the heating equipment starts,
the trothle is in the relay contac.- t id the entire relay Must be replaced. If the heat-
mg equipment does not start, the trou e is in the heating equipment or the wiring to it.

4/

When troubleshooting the cooling circuit)contacts of the relay IR2, jumper termi-
nals 0 and Y. These contacts will only be made when the relay is deenergized.

.. \
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EXTERNAL
CONTROLLER

FAN SWITCH

SECTION swnrm

REVERSNG RELAY

TO LINE VOLTAGE
TERMINAL BOARD

Heating Circuits

TRANSFORMER

LOW VOLTAGE TERMINAL BOARD

Fig tire 50.

The circuits shown in figures 51 and 52 show the heating relay deenergized. When
the thermostat calls for heat, the relay makes contact and energizes the panel-powered
or .externally-powered heating equipment

THERMOSTAT*
SELECTION SWITCH

TO LINE
VOLTAGE TERMINAL

BOA RD

TRANSFORMER

HEATING RELAY

Figure.51.
80

TO PANEL POWERED
HEATING SYS

7-



1

Some panels may operate the system directly from the thermostat using the W and
R terminals only for connections.

To troubleshoot the heating system, refer to figure 52, jumper terminals W and R
which bypass the external control system. If the relay does not pull in, the trouble is
in the relay coil and it should be replaced. If the relay pulls in and the burner starts,
the trouWe is at an external control or its wiring. If the relay pulls in but the burner
does not Litart, jumper terminals.W to C (panel-powered) or T to T (externally-
powered) If the burner starts, the trouble is in the relay contacts and the relay should
be replaced. If the burner does not start, the trouble is at the heating system or in the
wiring connections.

The panel R terminal always acts as the transformer power supply. When a selec-
tion switch is used, the panel B terminal is connected to the selection switch B terminal.

THERMOSTAT OR

FAN RELAY SELECTOR SWITCH
!

TO LINE VOLTAGE

TERMINAL BOARD

HEATING RELAY

111 4

.
E-6-6Th

TRANSFORMER

Impedance (Lockout) Relay Circuit

1

Figure 52.

TO EXTERNALLY
POWERED HEATING.
EQUIPMENT

The impedance relay has SPST switching and a high impedance coil. This coil is
.in series with the contactor coil. A shunt circuit around the impedance coil is pro-

vided through a normally-closed impedance relay contact, automatic revt overload,
and automatic reset high and low pressure cutout. See figure 53.

The contactor .coil can then be energized through the cooling contacts of the thermo-
stat. If `_he overloads or the DPMC should break their contacts, the shunt circuit is
broken and the impedance relay will pull in opening the contacts. The resistance of the
impedance relay is so high that An insufficient voltage is in the contactor to hold its
contacts. After the overload or pressure control cutouts have remade, the circuit
must be reset by interrupting the power throutth the impedance relay. Moving the
system switch from cool to reset or off and back to cool deenergizis the relay and makes
the contact. This completes the original circuit and will furpfsh cooling under a demand
from the thermostat.
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TRANSFORMER

LOW VOLTAGE
TERMINAL BOARD

TO LINE VOLTAGE
TERMINAL BOARD

Figure 53.

To troubleshoot the impedance relay circuit, jumper terminals R to Y which bypasses
the external control circuit. If the contactor makes, the trouble is in the external con-
trol circuit. If the contactor does not make, jumper the overload, high- and low-
pressure cutouts contacts and the relay contacts. If the contactor pulls in, the trolible
is in one or more sets of contacts. Remove the jumper from the overload. If the con-
tactor drops out, the overload is defective. If the overload is not open, remove the
jumpers from the lu h-low pressure switches one at a time. If the contactor drops out,
the control is defece and mut be replaced. If both overload and high-low pressure
contacts are not open, remove tie jumper from the relay contacts. If the relay drops
out, the contacts are defective a d the entire relay must be replaced. If the unit short
cycles, the impedance relay coil 's not breaking the relay contacts when the overload
or high-low pressure cut-outs o n the circuit. Check for a looSe connection or burnt
coil.

SUMMARY

The information presented in this unit of instru4on should prove valuable to you.
if you should ever encounter residential heating/ oling systems in the oourse of your
duties. Xhe information has included the major components, electrical systems,
and troubleshooting of control systems found with these units.

REFERENCES

Modern Refrigeration and Air Conditioning, Althouse and Turnquist

Principles of Refrigeration, Dossat

82



SG 3AZR54550-2-III-3
September 1974

CENTRIFUGAL AIR-CONDITIONING SYSTEMS

OBJECTIVES

This study guide will aid you in learning the principles of an indirect expansion
cooling system. The centrifugal means of compressing and circulating the primary
refrigerant to cool the secondary refrigerant will be discussed thoroughly in this study
guide.

INTRODUCTION

Centrifugal compression machines are used to cool large buildings because of their
compactness and high capacity for a given physical size. This type of compression and
low operating pressures go hand in hand. The refrigerant used in the centrifugal machine
is what allows the low operating pressures and the much smaller tendency toward refrig-
erant leakage.

DEFINITIONS

Direct Expansion

In previous units of instruction many applications of air-conditioning systems have
been discussed. These applications have been minerous, but all have been of the
,"direct expansion " type. Just what do we mean when we say "direct expansion"? In
the dictionary we find "direct"means an unbroken connection or a straight bearing of
one upon another; "expansion" relates to the act or process of expanding in size or
volume. You can see by referring to figure 54 that a direct expansion system for cool-
ing is one. where the controlled variable comes in direct contact with a single refrig-
erant svirce. thereby causing the refrigerant to expand or boil, hence the removal of
heat directly.

Tne centrifugal and absorption systems differ in that they use a secondary refrig-
erant--water or brine--to cool the variable. Refer to figure 55. The heat from the
conditioned space is absorbed by the secondary refrigerant. The secondary refriger-
ant's heat is then absorbed by the primary refrigerant. The heat that originated in the
conditioned space is eventually given back to the outside air by the machine's condenser
or cooling tower. Thus these machines are called "indirect" expansion chillers.
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Figure 54. Direct Expansion System
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01.

COOLING COIL

COOLED SPACE

(RA)

RETURN AIR

(MA)

MIXED AIR

EXHAUST AIR (EM

OUTS)DE AIR (OA)

BRINE

BRINE ( ETHYLENE GLYCOL )

EVAPORATOR

R-22

COMPRESSOR

IN 85F

1 R-22

.11
OUT 95F

CONDENSE R RECEIVER R-22

COOLING TOWE R
CONDENSER WATER

*Figure 55. Indirect Expansion System

Centrifligal Refrigeration,

I R.22

Ir

In previous units of instruction, all compresSors that .we..Ke discussed were of the
positive-displacement type. Vapor is drawn into a cylinder where a piston compresses
the vapor thus reducing the volume. After compression, the vapor is forced from the
cylinder by further decreasing the volume of the cylinder to zero or nearly zero. These
are termed positive-displacement compressors and can build up a pressure that is .

limited only by the volumetric efficiency and the strength of the parts to hold this pres-sure. Centrifugal refrigeration is a type where the compressor depends entirely on the
centrifugal force of a high-speed wheel to.compress the vapor flowing through the wheel.
There is no positive displacement- this action is called "dynamic" compressi-on. The
compressor is fundamentally a centrifugal blower designed for high-speed operation at
a higher discharge pressure than most blowers operate, 15 to 20 psi difference between
the suctfan and discharge. The pressure a centrifugal compressor can develop depends
on the tip speed of the whPel. Tip speed is based on the diameter orthe wheel and its
revolutions per minute. The capacity of the compressor is determined by the size of
the passages through the wheel.
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CHARACTERISTICS AND OPERATiON

Because of its high-speed operation, the centrifugal machine is fundamentally a

high volume, low-pressure machine. Such a machine has been built as small'as 50-

ton capacity, but is only competitive with other types of compressors in a range above

100 tons. Centrifugal compressors of ov e r 3000.-ton capacity are pow beitObuilt.

Be ause of its low-pressure char the centrifugal compressor works best

with a l w-pressure refrigerant. Low-pressure refrigerants are those fluids that

require oiç small increases in pressure to cause condensation of the refrigerant vapor.

The low-pressure refrigerants also have other characteristics which suit the Centrifugal

machine well. Refrigerants with high liquid density produce a large amountoryapor

per pound of liquid. The high vapor volume is ideal for use with a centrifugal com-

pressor. The stable operation of a centrifugal compressor depends on a sufficiently

large volume of vapor through the impeller. When the required tonnage is high, it

requires a very large bulky compressor, so a refrigerant with a lower specific volume

will probably be used.
.

The refrigerants normally used in centrifugals are R-11 and R-113. These-refrig-

erants possess the large specific volume needed. With these refrigerants the suction

pressure will be from 18 to 25 inches of vacuum depending on the evaporator tempera-

ture required. Discharge presssure will be near atmospheric. A single-stage impeller

can be used with these refrigerants for air-conditioning temperatures. A two-stage

impeller wheel is common for standard ton conditions. In two-stage operation, the

suction of the first-stage wheel goes to the suction of the second wheel. Each stage can

build up a compression ratio of about 4 to 1.

Centrifugal compresssors have been built for high-pressure refrigerants such as

R-12. Refrigerant 12 has a much lower specific volume than either refrigerant 11 or

113, but works well in low temperature or very large tonnage systems: Even though

re'frigerants 11 or 113 remove more heat per pound than refrigerant 12, the high vol-

ume of vapor pumped by the compressor causes more refrigerant circulation and there-

fore more tonnage. The drawbaCk here is that these machines may require at least five

stages of compression.

Basic Centrifugal Refrigeration Cycle

The basic refrigeration cycle for a centrifugal machine is as follows. The com-

pressor maintains the refrigerant at a' low pressure in the cooler and at a higher pres-

sure in the condenser. In the cooler the liquid refrigerant is boiled by picking up heat

from the water or brine which,passes through the tubes. The latent heat of vaporiza-

tion necessary to boil the refrigerant is taken from the water as sensible heat which

cools the water. The compressor takes its suction from the cooler, increases the pres-

sure and temperature of the gaseous refrigerant and discharges it into the condenser.

h the condenser the gas is condensed by giving up its latent heat of vaporization to the

condenser water which passes through the tubes. The liquid refrigerant is then re-

turned to the cooler through the pressure reducing (metering) device and the cycle is

repeated. With these facts in mind, we can easily understancrthe centrifugal cycle.

The flow of refrigerant through the centrifugal machine can be seen by discussing'

the cycle through each of the major components, cooler, compressor, condenser, and

metering device. As the cycle is discussed, typical pressures and temperatures of R-11

as an example. will be given to clarify the explanation.
86
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Refer to figure 56. The refrigerant is entering the cooler in a liquid state. Thepressure inside the cooler shell is maintained by the compressor suction which. theR-11 may be 16. 9" I4g vacuum. At this pressure the corresponding temperature is36°F. The chilled water is entering the cooler at approximately 550F. It makesseveral passes through the cooler, depending upon its configuration, and leaves at atemperature of approximately 44°F. The chilled water being warmer than the refrig-erant causes heat to transfer from the water, through the tubes to the refrigerant.Since the pressure in- the cooler remains constant and the refrigerant is at a saturatedliquid condition, the heat absorbed causes the refrigerant to boil. As the refrigerant
continues to boil, the vapors formed flow thrcugh the eliminators to the lowest Pres-sure point which is the compressor suction. The eliminators trap any liquid dropletswhich may be mixed with the vapor and prevents them from being carried,into thecompressor.

The vapor entering'the compressor is at a saturated vapor condition and a ternpera-ture of 36°F. Although the temperature of the refrigerant has remained the same,36°F, it has changed its state from a liquid to a gas. In other words, the heat trans-ferred from the chilled water and absorbed by the refrigerant is the latent heat ofyaporization for the 'refrigerant at that respective pressure. (16. 9" Hg vacuum.)

The compressor shown in figure 56 is a two-stage type. As previously mentioned,it takes its suction from the c(oter As the refrigerant gas enters the first-stage
impeller, it is at cooler condition , 16. 9" Hg vacuum and 36°F. As the gas passesthrough the impeller, its pressur temperature, and heat content,are increased. Thegas leaving the first stage enters t suction of the second-stage impeller. The processof.the gas through the second stage the same as tat through the first stage. Theenergy necessary to compress the g (raise the pressure, temperature, and heatcontent) is provided by an electric otor. As the gas leaves the compressor, itspressure has increased to appr mately 10. 6 psig and it is at a superheated condition.In other words, its tempera e is above the corresponding temperature of a saturatedvapor for the respective pre sure. The compressor therefore, removes it from thecooler, increases the pressu e, temperature, and heat content of the gaseous refriger-ant and discharges it to the con enser.

The gaseous*refrigerant enters the condenser in a superheated condition at 10.6 psias shoft in figure 56. Condensing water enters the condenser normally at-85°F andleaves at 95°F. Since the water is cooler than the refrigerant, heat is tran,erred
from the reftigerant vapor to the water. The gaseous refrigerant is first cooled downto a saturatdd vapor and then gives up its latent heat of vaporization as it is condensed.
The saturated temperature for the corresponding condenser pressure is 104°F. Thecondenser water, therefore, absorbs all this heat taking it out of the system. The
total heat removed from the system equals the heat removed from the chilled water inthe cooler and the heat absorbed during compression. The liquid refrigerant drains
into the metering device as it condenses.

There' are several types of Ike eri ng devices used by various manufacturers to
meet specific applications. ForlISte sake of our discussion, the float type commonly
'called the "economizer" will be used. Other types will be discussed later in this unitof instruction.
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Figure 56, shows the economizer portion of the cycle. As the liquid level within
the condenser float cIumber rises, the float valve opens allowing refrigerant to flow
into the economizer chamber. The pressure in the economizer chamber is maintained
by the suction pressure of the second-stage impeller. This pressure is approximately
half the difference between cooler and condenser pressure. Due to this reduction in
pressure, a portion of the refrigerant flashes to a gas. Heat is absorbed from the re-

ining refrigerant as it changes from a liquid to a gaseous state. Heat is remoVed
from the liquid refrigerant, thereby bringing it to a Saturated condition at the lower
pressure. The gas formed in the economizer is drawn off through an eliminator that
removes any liquid droplets, and then flows to the suction side of the second-stage
impeller where it mixes with the discharge gas of the first-stage impeller.

The liquid refrigerant, that remains in the economizer, collects in the economizer
float chamber. Again a float valve maintains a liquid seal between the economizer and
the cuoler. When the level within the float chamber is sufficient to raise the float, the
valve opens allowing refrigerant to flow into the cooler. Again some refrigerant will
flash to gas due to the pressure reduction. This gas absorbs the heat necessary to
cool the liquid refrigerant to the conditions which exist in the cooler--36°F at 16.9" Hg
vacuum. This flash gas mixes with the vaporized gas as it leaves the cooler.

The economizer'section serves as a pressure arid temperature reducing device,
and allows for gas at an intermediate condition. The economizer gives,the advantage
of a relatively cold liquid entering the cooler, while the gas generated to obtain this
cold liquid is compressed through only one'stage of the compressor, instead of two,
as would be necessary if the warm liquid refrigerant passed directly from the con-
denser to the cooler. This results in a definite power savings: thus the term
"economizer."

This complete the refrigeration cycle. Careful study of figure 56 should be made.
It should be realized that this cycle is being carried out continuously under varying
load ca.nditions while the machine is in operation.

MAJOR COMPONENTS

In the discussion of the reffigeration cycle, the nomenclature, purpose, and loca-
tion of the major components of centrifugal machines was mentioned; however, the
manufacturers of centrifugal machines are numerous ard it is beyond the scope of this
study guide to discuss the different variations found in the construction of the centrifu-
gal machines. However, a comprehensive study xif one machine will be presented in
the discussion, and with thoughtful study a sound working knetwledge can be attained.
It must be understood that before any service or maintenanceis prforrned on a machine,
the specific manufacturer's instructions should be consulted.

Coolers

Centrifugal refrigeration machines are classed as "indirect" expansion, water
chillers. The cooler (evaporator) used is of the flooded type, with the tubes submerged
in the liquid refrigerant and the chilled water inside the tubes. Refrigerant is evenly
distributed through a perforated channel located in the bottom of the cooler.



The cooler or evaporator, see figure's 57, 58, 59, is of a horizontal shell and tube
construction with fixed tube sheets.. The shell is low carbon steel plate rolled to shape
and electritally welded in place.
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FLikre.,57. Cross_Sestion Evaporator, with Economizer

The standard rase construction is of copper. rolled into cupro-nickel tube sheets.
Cupre-ruckel is an alloy wnich is highly resistant to corrosion. For brine or other
soiutions, other metals ma;, be used. The tubes are provided with belled ends rolled
into concentric grooves in the holes of the tube sheets. Tube ends are rolled into the
tube.sheets to give the advantage of removable tubes.

/40

The cooler and condenser both have corrosion-resistant, cast-iron water boxes.
They are designed, to permit complete inspection without breaking main pipe joints.
Rill size separate cover plates give access to all tubes for easy cleaning. The cooler
water boxes are designed for maximum 200 lbs working pressure. They are provids:id

wan cast-iron division plates to give the required number of water passes.

The flooded cooler used On centrifugal machines has no provision for superheating
tne refrigerant vapor. Therefore, some r..eans must be provided to prevent droplets
of liquid refrigerant from being carried over into the compressor. On some small
machines. this is accomplished bN providing large cross-sectional areas above the
woe bundle causing low vapor velocities. This low velocity permits any droplets of

liquid refrigerant to fall back into the boiling refrigerant.
4

Large coolers make use of multiple bend eliminator plates above the tube bundle
as shown in figure 59. This perforated plate removes the liquid droplets from tho
vapor stream, preventing carryover into the compressor suction and assures uniform
boiling of the refrigerant throughout the lengtn of the cooler.
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Figure 58. Evaporator Diagram

9A:FLES

Figure 59, Cutaway Section---Suction End of Evaporator

A thermo eter is provided to indicate the temperature of the ,refrigeranewithin
the cooler duri operation. A sight grass is provided to observe the charging and
operarng refrige mit level.

A charging valve is located on the side of the cooler for adding or removing refrIg-
erant. A pipe is connected to the charging valve extending to the bottom of the coOlTr
so that complete drainage of refrigerant is possible. A refrigerant drain to the atmos-
phere is also provided.
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The,normal refrigerant charge in the cooler covers only about 50 percent of the

tube bundle: However, chiring operation, the violent boiling of the refrigerant usually

covers the tube bundle.

A small chamber Is welded to the cooler shell at a point opposite th&economizer

and above the tube bundle. A continuous supply of liquid from the condens r float

chamber is brought to the expansion chamber while the machine is running. The bulb

of the refrigerant thermometer and the refrigerant safety thermostat bulb are inserted

in this expansion chamber for measuring refrigerant temperature.

A rupture valve with a 15-lb bursting disc is provided-on the cooler and a 15 psig

pop'safety valve is screwed into a. flange above the rupture disc. These items are strictly

for possible disaster conditions because it is highly improbable that a pressure greater

that 5 to 8 psig will ever be attained without purposely blocking off the compressor

suction opening.

Condenser

The condenser is a shell-and-tuoe type similar in construction to the cooler. The

primary function of the condenser is to receive the hot refrigerant gas from the com-

pressor and condense It to a liquid.
sit

A secondary function of the condenser is to collect and concentrate noncondensabie

gases so tnat chef/ may be remTved by'the purge unit. The top portion of the condenser

is Deified. This baffle encloses a portion of the first water pass. The noncondensaole

zases rise to the top portion of the condenser because they are lighter than refrigerant

vapors and because it is the coolest portion of the condenser, see figures 60 and 61.
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Figure 60, Condenser Diagram
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A perforated baffle or distribution plate, figure 61, is installed along the tube

oundle to prevent direct impact of the compressor discharge on the tubes. The baffle

also serves to distribute the gas throughout the length of the condenser.
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The condensed refngerant leaves the condenser through a bottom connection at
one end and flows into the condenser economazer float chamber, see ftgure 60.

The water boxes, figure 60, of all
-nndensers are,designed for a maximum
1.orking pressure of 200 pstg. They are
provided with the necessary divasion
plates to give the required flow. Water
a)ox*covers may be removed withbut dis-
turbing any refrigerant joint since the
-.ube sheets are welded into the con-
4enger and flanges. Vent and drain open-
-ngs ;re provaded an the water circult.

The condenser as connected to the
:.ompressor and the cooler shells with
expansion ,oints to allow for differences

expansion between them. a-

Cooler and Condenser Checkpoints
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HOT GAS ikLET

Figure' 61. Cross Section of Condenser
(3 Pass)

The operator must check the cooler and condenser for proper refrigerant level
and make sure that the cooler and condenser are operating efficiently.

The correct refrigerant charging level is indicated by a cross wire on the sight
dass. The machine must be shut down to get an accurate reading on the sight glass.
For efficient operation. the refrigerant level must not be lower than 1 2 inch below the
cross wire: a refrigerant level above this reference line Indicates overcharge. When
this connitioh exists the overcharged refrigerant must be removed.

If the machine has been in operation for long periods of time, the refrigerant level
will drop due to refrigerant loss. When this condition exists, additional refrigerant
must be added to the system to bring the refrigeflAlevel to its proper height as indi-
cated on the cross wire. Observe all cautions and do not overcharge the cooler.

A method of determining if the tube bundle of either the cooler or condenser is
operatang efficiently Is to observe the relation between the change in temperature of
the rcondenser water or chilled water and the refrigerant temperature. In most cases,
the chilled water or condenser water flow is held constant. Under such conditions,
the temperaaire change i chilled water and condenser water is a direct indication cf
the load. As the load increases. the temperature difference between the leaving water
-)r condenser water enterang and the refrigerant Increases.
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A careful check should be made of the temperature differences at full load when
the machine is first operated, and a comparison made from time to time during opera-
tion. During constant operation over long periods of time, the cooier and condenser
tuoesl.nay become dirty or scaled, and the temperature difference between leaving
water or chilled water will increase. If the increase in temperature is approximately
20 to 3°F at full load, the tubes should be cleaned,

Read the condenser pressure gage when taking readings of the temperature differ-
ence between leaving condenser water and condensing temperature. Before taking read-
ings, make-sure the condenser is completely free of air. The purge unit should be
operated for at least 24 hours before readings are taken.

Purge units uSed with centrifugal machines will be discussed in a later unit of
instruction.

Refrigerant Metering Devices

FLOA VALVES. Conventional expansion valves used with reciprocating equtpment
are not c able of handling the large volumes of refrigerant used with centrifugal ma- ,

chines.
1

loat valves are.used as the metering device. The unit housing these float
...alves 1 called the "economizer." It is located above the cooler tube bundle and en-
urely s arate from the cooler gas space. Referring to figure 62, you will note on the
front of t e economizer is found a chamber for two float valves and the necessary pas-
sages conected lengthwise through the cooler gas space to the compressor second-
stage inlet. This connection maintains a pressure in the chamber intermediate between
tne cooler and condenser presSures and carries away the vapor generated in t e chamber.
Before entenng the conduit, the economizer vapor passes through an elimi to which
extracts any free liquid and drains it back to the chamber. In the top is the condenser
float valve which keeps the condenser drained of refrigerant and admits the refriger-
ant from the condenser into the economizer chamber. In the bottom is the economizer
float valve which returns the refrigerant to the cooler. Without an economizer, the
flash gas that occurs through the metering device enters the evaporator and imposes a
load on the compressor without providing useful cooling. An economizer permits
removal of flash vapors at intermediate stages, increasing the refrigerating effect of
eacnpound of refrigerant in the evaporator, thereby reducing the power requirements
at the compressor, refer to figure 62.

It should be noted that the economizer is only one method of metering the refrig-
erant flow in centrifugal machines. Various manufacturers use different methods.
A few as follows:

Refrigerant Liquid Flow ControL In this method positive control of the liquid
refrigerant oetween the condenser sump and cooler is provided by an electric float
switch operating in conjunction with a liquid line valve operated by an electric motor.
Refer to figure 63.
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ORIFICE METERING SYSTEM. Centrifugal water chiller system metering devices
have traditionally been designed to incorporate float assemblies. However, one manu-
facturer uses a method that eliminates these float assemblies and has no moving parts;
therefore requiring no maintenance. Elimination of the floats is a significant achieve-
ment. A multiple orifice system without moving parts operates to meter the proper
amount of liquid at all levels of load without allowing a large amount of refrigerant Lo
bypass. Referring to figure 64. There are the equivalent of six expansion and con-
traction areas. These are designed to maintain a refrigerant-liquid seal and prevent
gas bypass. As the load requirement drops, there is a corresponding drop in the
amount of liquid refrigerant delivered by the condenser. The reduced hydrostatic head
causes more gas to flash in the downstream orifices. This, in turn, reduces the amount
of liquid that can be handled by the upstream orifices and maintains a liquid-refrigerant
seal over a wide range of operation.

At the point of minimum bperating load, only a small amount of liquid siipply is
required to the cooler, the maltiple orifice flow restricts the amount of gas bypass
to an insignificant amount.

- FROM

ECONOMIZER

-16',-;0i.c?.-,K - --

0
TO.-

6. COOLER
0 ,

0
e

0

o 0 g,

Figure 64. Orifice Metering Device'

The refrigerant flow through a centrifugal machine using the orifice metering
device is shown in figure 65. and is as follows. Heat from the water to be chilled is
transferred to the liquid.refrigerant in the cooler. This causes the refrigerant to boil
and turn to a vapor. The vaporized refrigerant is directed through an eliminator,
which removes any entrained liquid, and then is drawn into the compressor first stage
k2). Here it passes through the first stage and second stage of comprpsion, where
centrifugal action compresses it to condenser pressure (3). The condenser water with-
in the tubes removes the heat from the vapor, changing it to a liquid. Flash gas is
accumulated by the economizer (4) and directed back to the second stage of the com-
pressor, avoiding the fiist stage which reduces,power consumption. The liquid flows
to the evaporator, passing through the multiple orifice flow control (5). When it re-
turns to the evaporator (I), the cycle has been completed.'
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Figure 65. Refrigerant Flow in an Orifice Metering System

Compressor

Centrifugal refrigeration equipment is usually categorized by the type compressor--
open or hermetic. An open compressor means the impeller shaft projects outside the
compressor housing kir use with an external drive. Many methods have been devised
to provide the driving force for open machines.- The type used with open compressors
usually requires speed increases such as a gearbox. One exception is the steam tur-
bine type which is directly connected to the compressor. This steam turbine is selected
to drive at the design speed of the centrifugal impeller, therefore no speed increaser or
gearing is required. A'major advantage of the steam nirbine is the exhaust from the
turbine may have many other uses. There are some installations where this exhaust
is used to operate an absorption refrigeration machine.

Gasoline and diesel engines are also used for driving open-type centrifugal machines.
In the past these drives were Limited to industrial applications and uses at remote mili-
tary sites. Today, however, their use is becoming, more widespread.

Open-type centrifugal machines are also driven by electric motors. The most .

comm,.,n of these are the squirrel-cage induction, wound rotor, and synchronous. These
motors usually operate between 1750 and 1800 rpm. A gearbox for increasing the
compressor speed to 7000 to 8000 rpm is required to operate the compressor at its
design speed.
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PREFERRED TYPE.. The modern trend of design for centrifugal machines is the
hermetic type. In a hermetic compressor, an electric,motor is built into the unit. Itis
completely isolated from the atmosphere and the motor is cooled by the refrigerant.
Hermetic compressors use only induction-type motors since brush and commutators
cannot be used in a refrigerant atmosphere, any arcing wculd cause the refrigerant to
break down. Hermetic compressors are available with rpm ranges of approximately
3550 to 18000. At the present time, high rpm machines are confined to the smaller
capacity machines. These factory assembled units are designed for high efficiency and
easy serviceability. The single package design contains all refrigeration, drive, 'Lubri-

cation, purge and control components making them very compact and easy to insta:l.

OPERATION. Stated simply, the compressor is a machine.that removes evapo-
rated refrigerant vapors, compresses these vapors, and discharges them into the
condenser.

For our discussion we will use the 100-ton centrifugal system located here at the
school. The operation of this machine is typical of "open" compressors found on ceh-
trifugal machines.

The easiest way to understand the functions of a centrifugal compressor is to think
of it as a centrifugal fan of the type used for forced and induced draft. Like the fan,
the compressor takes in gas and whirls it at a high speed, which compresses thetas
ay centrifugal force. The high velocity of the gas leaving the impellers is converted,
to a pressure exceeding the inlet pressure. At maximum speed, the compressor win
produce a suction temperature of approximately 600F,below the condensing tempera-
ture of R-11. Changing speed varies suction temperature.

The compressor casing and the various stationary passages inside the compressor
are made of cast iron. The compressor shaft is made of hard steel, turned and ground
with keyways for each impeller, while the impellersoare of the built-up type. The hub
disc and cover are machined steel forgings. The blades are, sheet steel, formed to
curve backward with respect to the direction of rotation and riveted to the hubs and
covers. After assembly, the wheels are given a hot-dipped lead coating to reduce cor-
rosion damage. The compressor rotor assembly consists of the shaft and impellers.
The shaft runs in two sleevp-tvom haarings.

Thermometers are inserted in the top of each bearing cover for obtaining bearing
temperature. Each bearing also has two large oil rings to assure lubrication when the
machine is starting up or slowing down.

Brass labyrinth packing in the diaphragms prevents interstage leakage of gas.
Similar packing on the shaft at the ends of the caSing restricts the flow of gas between
the main compressor casing and the bearing chambers.

In operation, the pressure differential across each impeller produces an axial
thrust toward the.suction end of the compressor. This thrust is supported by.a "Kins-
bury" thrust bearing at the suction end of the shaft.

MOtor .

The motor drive unit is a polyphase, induction motor, 440-volts, 1755-rpm, 120- .

amps, manufactured by Ideal Electnc Manufacturing Company. The purpose of tl,e
motor is to drive the cornpressoe at proper speed as load requirements demand.
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Speed Increaser

The speed increaser is a separate component mounted between the compressor and
motor. (The gears are speed increasers required to obtainthe proper compressor speed
through the use of standard speed motors.) In general, the gearS are of the double-
helical type, properly balanced for smooth operation, and pressure lubricated. The
gear wheel and pinion are enclosed in an oil-tight case, which is split at the horizontal
centerline. Lubrication is from a gear-type oil pump. The unit has an oil level sight
glass, pressure gage, an externally mounted oil strainer and oil cooler.

LUDRICATION. The oil pump is a gear type. When assembling, care must be
taken to see that the paper gasket between the pump body and brackets,is of the proper
thickness. A gasket which is too thick will reduce pump capacity and cause an oil
pressure failure. An excessively thin gasket will cause unnecessary load on the gears,
resultinv, in wear and destruction of the gears. Writing paper makes a good gasket
when shellacked in place. Never use rubber for any gasket used for oil.

A good gear oil must be used for the lubrication of high-speed gears. The oil
must be kept clean by filteri9g, and filters must be changed as often as. possible. The

-temperature of the oil should be kept approximately 130°F--180°F. Water cooling
should be used whenever necessary to keep the temperature within these limits.

Selection orthe best grade of oil for use on a gear is based on journal speeds,
tooth speeds, and c.learances. In general, it is better to use an oil that is too hpavy
than one too light. The gears will be somewhat warmer, but the heavier oil will take
care of the higher temperature if it is not rriOre than a few degrees. The heavier oil
is rated at 400 to 580 seconds viscosity.

WATER COOLING OF GEARS. Cooling of the gears is accomplished by circulat-
ing water through water jackets cast in the ends of the gear casing or by means -uf
either an internal or external oil,cooler. This system is connected to a supply of cool,
clean water at a minimum pressure of 4 pounds. A regulating device must be installed
in the water'supply line. The discharge line should have free outlet without valves to
avoid possibihty of excessive pressures on the system. Piping must be arranged so
that all the water can be drained or blown out of the water jackets or cooler if the unit
may be!ubjected to freezing temperatures.

MAINTENANCE. Inspect to see that both the driving and driven machines are in
line. If you are not sure that alignment is correct, c,heck and align if necessary. Try
out the water cooling system to see if it is functioning properly. 'When starting, see
that yott have sufficient oil in the gear casing and that the oil pump gives required pres-
sure (4 to 8 lbs). When the temperature of the oil in the easing reaches 100°F, turn
on the wzter cooliiig system. Add sifficient oil from time to time ito maintain the proper
oil level Never allow the gear-wheel to dip into the oil.

Resular cleaning of the lubriCation system and testing the lubricant for impurities
are essential. Clean the strainer at least'once a week. The manufacturer recommends
the 4earcase be drained and completely cleaned every two--Ihree months. Refill with
new filtel ed oil. From time to time, samples of oil should be drawn and the oil checked
for impurities. If water is present, the water should be drawn off: and, if there is a
considerable amount of water in the oil, .remove all oil and separate water, frOm the oil
before It is used again.
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All working partS are easily accessible for inspection and repair except the oil

pump. If the occasion arises to dismantle the gears, extreme precautions must be

taken to prevent any damage to gear teeth. The slightest bruise will result in a noisy

operation. When the gears are removed, place them on a clean cloth-covered board

and block them so that they cannot roll off. Cover gears with cloth for protection

purposes.

Bearing shells and oil slingers are marked and should be reinstalled in their prOper

places. Gaskets are used between the oil pump bracket and oil pump, and under hand-

hole covers. All parts must be clean when reassembling. Make sure that no metal

burrs or gloth lint are present on any part of the unit. Coat faces of flanges with shellac
before they are bolted in place. A thin coat of shellac on the bearing supports will
prevent oil leaks at these places.

When bearings are worn, they must be replaced immediately. Worn b arings will
cause gears to wear. Bearings are interchangeable and when new bearing are in-
stalled, the gears are restored to their original center distance and alignment. It is

not recommended to rebabbitt bearings; the heat required to rebabbitt bearings will
cause some distortion of the bearing shell. Do not install one new bearing alone; always

install in pairs. This will help eliminate tooth misalignment.

"Cinch" fittings are used on all pipes connected to the oil pump bracket; use this

type on all replacements. Threaded fittings may cause the bracket to be pulled out of
line, causing noisy operation and wear on gears.'

Couplings should not be driven on or off the gear or pinion shafts, as hammering
may injure both surfaces. Provisions have been made for using a Jacking device for

i installing or removirfit couplings from shafts. ,

Gear tooth contact and wear should be uniformly distributed over the entire length

of both gear and pinion helixes. If heavier wear is noted on any portion of the helixes

or any part of the tooth face, it may indicate'improper setting of the gear casing, mis-
alignment of connecting shafts, vibration, excessive or irregular wear on the bearings,

or poor lubrication. Should gear teeth become damaged during inspection or operation,
remove burrs by use of a fine file or oilstone:- Never use these tools to correct the

tooth contour.

Misalignment, poor lubrccation, and vibration can cause pitting of tooth surfaces

or flaking of metal in pertain areas of the gears. If this happens, check alignment and

iemove all'steel parflhcles.
f

Couplings
...

The couplings used to connect the motor to the speed increasingigears and from

the gears to the compressor are self-aligning couplings. The coupling is of the t'lex-

ible geared type, consisting of two externally geared hubs that are pr/essed on and

geared to the shafts. These hubs are enclosed by a two-piece, externally geared,
floating cover which functions as a single unit when the halves are bolted together. The

cover iS Stipported on the hub teeth during operation. A spacer or spool piece is used

with the cover for the compressor coupling. The hub teeth and cover teeth are engaged

around ihe complete circumference and the cover and shafts revolve as one unit. The

cover and each shaft are free to move independently of each other within the limits of

the coupling, thus providing for reasonable angular and offset misalignment as well as

end float.
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The amount of misa,lignment that the coupling will handle without excessive stresS-ing varies with the size of the coupling. In all cases, however, it should be treated asa coupling 'taking care of incidental misalignment and should never be considered as auniversal joint.

Flexible couples are generally the type used on most centrifugal units. They willinsure long life if properly maintained. The two most important operating services toinsure long life are proper. lubrication and proper alignment.

COMPRESSOR LUBRICATENG SYSTEM

Characteristics

The compressor has a forced lubrication system, figure 66 including oil pump,bearing oil rings, pressure regulating valves, etc. *The enti oiling system is housedwithin the compressor casing and the oil is circulated through cored openings, drilledpassages, or fixed copper lines. This eliminates all of the usual external lines andtheir danger of possible rupture, damage, or leakage. All of the oil for the lubricating
system is circulated by a helical gear pump, which is submerged in-the main oil reser-voir. The simple, positive drive assures ample oil for pressure lubricating and cool-
ing all journal bearincrs, thrust bearings, and seal surfaces.

The reservoir which houses the oil pump is an integral par f the compressor 1casing and is accessible through a cover plate on the end of th co pressor. Circula-
ting water cooling coils are fitted to the cover plate to maintain proper oil temper re.

A high grade turbine oil, such as DTE heavy medium or approved equivalent, is
recommended for centrifugal compressors.. To be sure of the specifications on grade
and type of Oil to use, it is advisable to refer to 'the manufacturer's maintenance
manual. The oil in the centrifugal compressor should be changed annually.

Procedures

INITIAL PROCEDURES. If a machine is to be started for the first time, or if all
the oil has been drained from the unit, the following lubrication procedures are
recomthended:

1. The machine pressure must be atmospheric.
P.

2. The cover on the front bearing (coupling end of the compressor) is removed
and one gallon of oil is poured into the front bearing.

3. Fill the seal oil pressure chamber by removing the cover.

4. Remove the cover 'from the rear bearing and.pour oil into the chamber until
the indicated height is reached as recommended on the plate on the pump chamber.

5. ,F\1i 1 the atmospheric float chamber thrOugh the connection on the side of the
chamber un 1 oil shows in the sight glass, see figure 66.

6. Pour a small amount of oil into the thrust bearing housing by removing the
strainer cm) and pouring into the strainer.
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NORMAL PROCEDURES. Under normal operating conditions, the following lut ri-
cation procedures are recommended:

1. Replace the oil filter regularly, depending on the length of operation.

2. If, at any time, oil is withdrawn from the machine, replace it with neW oil.

3. Clean and inspect the strainer in the thrust bearing at least once a year.

4. Replace the completeoil charge at least once a year.

5. Alter shutdown periods of more than a month, remove the bearing covers
and add one quart of oil to each bearing well before starting.

OIL DRAINAGE. To drain the oil System, allow the machine to warm up until the
temperature is a roximately 5°F. The machine must be at atmospheric pressure.
The pump chambe s drained y removing the drain plug. Replace the plug, then drain
the atmospheric float am er in the same manner. By draining these two chambers,
practically all of the oil is removed. The oil left in the bearing wells and seal reser-
voir maintains the bearings in satisfactory condition and for sealing purposes.
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To keep the machine in the best operating condition, the following precautions must
be obserVed-

1. The electric heater in the oil pump chamber must be turned on during shill-(
down periods, and must be turned off when the cooling water is turned on. The purpose
of this heater is to keep the R-11 and oil separated. ..\

2. Do not overcharge the System with oil. The oil level will fall as the oil is
circulated through the system, but under normal operation, the oil level will increase
approLmately 7 percent in volume as the oil absorbs refrigerant. The oil level in the
machine will be approximately ong-half sight glass.

3. Oil can be added to the macMne at the filling connection, figure 66, on the side
of the atmospheric float chamber only while the machine is in operation and the atmos-
pheric float chamber return valve is open.

Compressor Shaft Seal

A shaft seal is provided where the shaft extends through the compressor caping.
The seal is fprmed between a ring called the rotating sealing seat, fitted against a
shoulder on the shaft, and the stationary sealing seat attached to the seal housing
through a: flexible member or bellows assembly. The contact faces on these seal seats
are carefully machines and ground to make a vacuum tight joint. A spring, called the
multileaf seal spring, moves the stationary seaVseat to contact the rotating seal seat.
This makes the proper seal when the compressor is shut down. A floating ring is
located between the hub of the statipnary sealing seat and the hub of, the rotating seal-
ing seat. A'seal oil reservoir and filter chamber are attached to the compressor hous-
ing above the seal which maintains a head of oil to the seal surface during shutdown
periods.

HERMETIC COMPRESSORS

was mentioned earlier, the modern trend of design for centrifugal machines is
the he:rnetic type. This single package deSign contains all components for the refrig-
eration, drive assembly, lubrication, purge, and controls.

-Cooling

In a hermetic compressor, an electric motor is built into the unit: It is completely
isolated from the atmosphere and the motor is cooled by the refrigerant. Several
methods have been devised by various manufacturers to accoMplish this: A few are

-as,follows:

Rf2fer to figure 674 The integral compressor motor is cooled directly by the sys-
tem iefrigerant. Liquid refrigerant for motor cooling is taken directly from the con-
denser liquid sump, through a filter drier, to connections in the end shields of the
moto:. Liquid refrigerant passes through the end shield connections to large diame,ter,
low-velocity spray nozzles in the motor labyrinth seals and is sprayed directly into the
motor cavity. Because the liquid refrigerant is taken below the liquid return to the
cooler, there i4 a constant supply of liquid refrigerant to the motor at all times, even
at ,gtart up.
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Figure 67. Spray Cooling of Motor

The liquid refrigerant absorbs the motor heat, changes to a vapor, then flows to

the bottom of the motor frame and enters the cooler below the eliminators.

Another inethod of motor cooling is shown in figure 68. In this system, the flash
gas from the economizer is drawn through the eliminator, which removes any droplets

of liquid refrigerant. The gas is directed a-round the stator and through the air gap to

provide adequate motor cooling. It is then drawn into the SUCtiO3 side of the second-

stage impeller where it mixes with the discharge gas of the first-stage impeller and
reenters the basic cycle.

11

TO CONIISEKD

MOTOR
STATOR AND
AIR GAP

_

F:igure 68: Gas Cooling.of Mator
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Still another method of motor cC)oling is shown in figure 69. This system utilizesno :noving parts or nigh pressure sprays. In this gravity-operated sytem, the liquidrefr:gerant never toucnes moving parts of the motor. A proper supply of refriger-ant is delivered to the motor from a special economizer sump before any refrigerantis transferred to the cooler. In this system, gravity causes the liquid refrigerant to
seek the same level maintained in the economizer sump, thereby, effecting motorcooling. The motor.stator is immersed in an isothermal bath of liquid refrigerant, thete-nperaoire of which corresponds to the economizer pressure. This system maintainsa consta.it and ;:niform temperature throughout the motor assembly.

LIQUID FROM CONDENSER
ar

ECONOMIZER VAPOR

TO 2rod STAGE IMPELLER

LIQUID REFRIGERAN't TO COOLER

'Figure 69. Isothermal Bath Motor Cooling

Hermetic Luorication System

A pical example of the hermetic compressor bearing lubrication circuit is shownin figufe 70. Positve_lubrication of the motor bearings is provided by the use of a

- (---
pressur:zed lubrication system.

The oil tank is located immediately below the compressor motor and receives the
oil returned from the motor bearings. Within this tank a hermetic electric pimp main-
tains a constant supply of oil at a constant pressure differential betweea the oil tank
and motor beaoings by means of an oll-pressure relief valve. A §trainer-drier in theol line to the bearings assures a colistant supply of clean, dry, (moisturefree)

Any refrigerant vapor rethe lubrication system is eliminated through a surge tank
and vent line, vented to the input of the compressor first stage, thus maintaining the
oil tank at the lowest possible refrigerant pressure. Two electrE4 heaters, thermo-

, statically controlled, maintain the oil at a temperature sufficienfty higher than the sat-e
urated refrigerant temperature at idle and operaang conditions to prevent dilution of
the oil and to minimize foaming at starnip. Be'cause of the efficient motor coohng_sys_-
terns used, the oil returmng from the bearings is neVer warmer than the supply to the

\s2earings., _Therefore, othcooler is used. A essure gage on the control panel
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indicates oil
temperature
vation of the
vicing by r

pressure to the bearings. A thermometei on the oil tank indicates the
of the supply oil. The oil tank contains a sight glass which permits tbser-
oil supply. .The parts of the lubrication system are accessthle for ser-
.oving the oil tank cover plate.
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Figure 70. Bearing Lubrication Circuit

Unishell Construction

- On some cetztrifugals, coolers and condensers are constiucted into-a single shell
as snown in figure 71. The upper section is the contlehser and the lower section is the
cooler. A division plate separates the two chambers. Liquid refrigerant drops to the
b.ottorn of the condenser where u flows by gravity into the float chamber to the cooler.

The cycle of operation for umsheIl machines is the same as was discussed prey-
:ously with a few minor exceptions in the capacity control systems, which will now be .
discussed.

Capacity Controls

Listed below are the three methods of controlling the capacity output of a centrifu-
gal machine.

1. Controlling thee speed of the compressor.

-

2. Throttling the suction of the ccinipressarr---------- .
,

3. Increasing the disenarge pressure of the compressor.,
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The three methods given are listed
in order of their efficiency. At partial
loads, the power requirements will be
the least if the compressor speed is
reducednot quite as low if the suction
is throttled--and highest if the condenser
water flow is throttled to increase the
.discharg,: pressure.

CONTRESSOR SPEED CONTROL
When a compressor is driven by a
variable speed wound rotor motor,
compressor speed is controlled by vary-
ing the resistance in the rotor circuit by
r.-.eaKis of a 'Drum Controller."

SUCTION DAMPER CONTROlf-N-.
Throttling the suction of the compressor
is obtained by a throttling damper built
into the evaporator suction flange. The
suction aamper is contronted by a temp-
erature controller that sends an air
siznal to the suctiOn damper motor in
response to temperature changes of the
chilled water leaving the cooler.

CONDENSER WATER TEMPERA-
TURE CONTROL. By throttling the
condenser water flow, ttie, condenser
pressure can be increased, thereby
increasing the pressure differential on the cornpressOr and reducing its capacity..
Occasionally, the lowest speed may be insufficiently low to meet the operating condi-
tions. I such a case, the condenser water flow may be throttMo bring the corn-
pressoerating conditions within range of the speed control.

A lhorough discussion of the adjustment of the'capacily cpntrol systems will be
discusoed under operational controls. First, let's look at a study of the unishell
machines.

Azitation Line

PRESSOR

LIJ
SUCTION

'BAFFLE

DISCHARGE- BAFFLE

000 o00000_ .000000000000000
O 0000000 o
CONDENSER 0
oo 0000000

0 0 0 0 0000

COOLER

REFRIGERANT

CHANNEL

Fifilre 71: Single-Shell Construction

At extremely light loads on unishell machines, there rnaye an excess of refrig-
erant in the cooler, and because low heat is being supplied by the chilled water, there
is little vaporizing or boiling of the refrigerant. This causes the upper tubes to be
exposed to a gas. The relatively warm water would cause more superheat to be added
to the gy, impairing the efficiency of the machine. To improve this extremely low-
load ccndition operation, a line is connected between the top of the condenser and the
bottom of the 5,29Ier. At a predetermined light load setting a switch energizes a sole-
-wad valve a36 allows high pressure condenser zas to flow into the refrigerant distri-
bution channel causing agitation of the liquid so that the upper tubes are subjected to
liquid re'rigera t, consequently more efficient cooling of the chilled water takes place.
Refer to fieur 1.
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Purge Units k/C1(6

The presence of even a small amount of water in krefrigeration system must be

avoided at all times, otherwise excessive corrosion of the system may occur. Any

appreciable amount of water is due to a leak from one of the water circuits.

The pressure within a portion of the centrifugal refrigeration system is less thaa

atmospheric. therelore. the possibility exists that air may enter the system. Since

air contains water vapor, a small amoUnt of water will enter whenever air enters.

The function of the purge system is to remove water vapor and air from the refrifz-

erauon system and to recover the refrigerant which is mixed with these gases. The

secondary function of the purge unit (covered later under System Maintenance) is to

pressurize the centrifugal machine for refrigerant removal.

The air is automatically purged to the atmosphere. The refrigerant is condensed

and automatically returnel to the sipoler as a.hquid. Water, if present, is trapped in
'a compartment of the purge sepaWor unit from which it can be drained manually. Thus,

The purge recovery system maintains the highest possible refrigerating efficiency.

PURGE RECOVERY OPERATION. The purge recovery operation is automatic,

once the purge switch is turned ON and the four valves listed below referred to in'
figure 72 are opened.

I. Service valve on main condenser.

2. Hand valve in suction line.

3. Hand valve in the return liquid refrigerant line.

A Service valve on economizer in return liquid refrigerant line:

NOTE. Water drain hand valve must be closed during normal operation.

If there s-hould be an air leak in the system, operation of the purge unit will remove

the air. It is recommended that the operator stop the purge unit at intervals and shut

off valves (2) and (31 listed above, to check for leaks in the purge system. A tight
machine Will not collect air no matter how long the purge unit is shut off.

Presence of air in the centrifugal unit is shown by an increase in head pressure

in the condenser. The pressure can develop suddenly or gradually during machine

operation. Checking the difference between leavihg condenser water temperature and

the temperature on the condenser gage may be used to determine the presence of air.

A sudden increase between these temperatures may be caused by air. In some in-

stances, a sudden increase in cooler pressure over the pressure corresponding to

cooler temperature during operation, may be caused by air leakage.....r

Small air leaks are very difficult to determine. It may take one or more days tc

detect an air leak in the machine. A leak that shows up immediately or within a fevl

hours is large and must be found and repaired immediately.
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Figure 72. Purge Unit

Refrigerant loss depends on operational conditions; therefore,- these conditionshave a determining effec,Lon refrigerant losses. The operator should be very carefulin maintaining his log on refrigerant chargeckand the,shutdown level in the cooler. Inthis manner, he can determine when the leak developed, the refrigerant loss, and findthe cause, to correct the trouble.
44,

,I1,-there is a slight leak in the condenser during operation, and the purge indicatesrge air gain in the system during sliutdown,and the ma-:hine is uider a vacuum,then a serious leak exists on the high-pressure side. The leak Must be found andcorrected.
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Moisture removal by the purge recovery unit is just as important as air removil.
Moisture may condense m the machine from air lealdng into the machine or by a water
leak in the cooler or condenser.Pf there are no water leaks, the amount of water
collected by the purge unit will be small (one ounce per day) under normal operating
conditions. If large amounts of water are collected by the purge unit (one-half pint per
day), the machine must be checked for leaky tubes. Water must be removed manually
by opening the water drain hand valve. If water does collect, it will appear in the sight
glass and should be dr'amed. Water can be removed more rapidly when the machine
is stopped than when running. If the machine is collecting large amounts of moisture.
it is advisable to run the purge unit a short time after the machine is stopped and before
it is started. Running the purge unit before the machine is started Will help to reduce
purging time, after the machine is started.

Tne automatic relief pressure valve is related to room temperature as shown in
Table 1, am co.n De adjusted by a screwdriver after removing the top cover of the purge
unit casing. For recommended pressures within the condenser pressure limits, refer
to Table 1.

Room
Air

Temperature
65

-

75 85

\
95 , 105 115

Suction-Pressure
(Maximum
Allowable)

5

Inch
Vacuum

,

0-lb
0-lb
Gage

\
3.5 lb
oage

7 lb
cage

Wide
Open

'Wide
Open

Relief Pressure
by Adjustment of
Automatic Relief
Valve

75-80 75-80 95-100 95-100
105 -
110

105-
110 .

.

The pressure reducing valve is.adjusted to produce a suction pressure on the
purge unit and will not allow condensation in the stiction line. If condensation does
occur, the condensate will collect in the crankcase of the purge compressor, causing
a foaming and exOssive oil loss. Table 1 can be used as a guide for setting the pres-
sure reducing vatve.

LUBRICATION. The purge unit compressor and centrifugal compressor use the
same type and grade of oil Oil can be added to purge compressor by closing the hand
valves, (2) and (3) listed under Purge Recovery Operation, removing the plug in the top
of the oil sight glass, and adding oil. Draining the oil is accomplished by removing
the oil,plug below the purge compressor. The oil level is checked by a showing of oil
at any point in the sight glass. This can be accomplished while the compressor is run-
ning or shut down. The level ai oijowill fluctuate accordingly. The oil level should be
checked daily,.
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MAINTENANCE. Other components that must be closely checked in the purge
recovery unit are as follows.

1. Belt tension.

2. Relief valve for tighteness when closed to prevent loss of refrigerant.

3. Condenser clean and free of air obstruction.

4. High-pressure cutout shuts down the unit if the condenser pressure reaches
110 pounds.

CAUTION: The high-pressure cutout remakes contact automatically to start
the purge unit on 75 lbs. Single-phase motors have a built-in thermal overload
stopping the motor on overload. It automatically resets to start the motor
in a few minutes.

A liquid rise in the upper sight glass of the purge chamber indicates a malfunction
and Is asually caused by a valve being closed or because the float valve is not operating..
Immediate action must be taken to correct this trouble. If the liquid is not visible in
the lower sight glass. the float valve is failing to close properly.

OPERATIONAL CONTROLS

The operational controls are as follows:

1, Compressor speed control.

2. Suction damper control.

'3. Condenser water temperature.

4. Hot gas bypass.

Drum Controller

The drum controller is used to adjust the amount .of resistance in the rotor circuit
,of the motor. Resistors are used with the drum to provide speed regulation and act as
an energy dissipatmg unit. The maximum amount of energy turned into heat in the
resistors amounts to about 15 percent of the motor rating. The grid resistors perform
two func-ions. First. to limit the starting current when the motor is accelerating from
standstill to operating speed. and, second, to regulate the operating speed of the motor.
The drJrn adjusts the amoiint of resistance in the rotor circuit. Resistors are provided
with connection lugs corresponding to the connectionlugs on the drum. The resistors
limit the motor starting inrush current to 150 percent of full load motor starting cur-
rent and provide 25 percent speed reduction below full load speed of the motor. The
drum resistors are connected to the sliprings. The Cutler-Hammer drum controller
provides balanced resistor speed control pointS which_are clearly indicated on the drum
head. Drum points that are not numbered, are unbalanced resistor points for accelera-
uon only. The motor should not be permitted to dwell' on any of the unbalanced speed
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points. These points serve only to limit the acceleration current drawn by the motor.
An electrical interlock circuit in the drum consists of three contact eingers and cylinder
contacts oelow the main contacts. It also provides the electrical connection in the full
resistance position to allow the primary switch or cjrcuit breaker to apply power to the
motor. The interlock prevents starting the motor unless all resistance is in the Motor.

OPERATION. Always bring the drum control lever to the OFF (all resistance in)
position before pressing START button. Manual starting df the machine at the motor
location assures the complete operator supervision of the unit. Interlocking wiring
connections between drum controller and circuit breaker make it necessary to return
drum control to full low-speed position (all resistance in the motor) before breaker (:an
be closed. The oil pressure switch is bypassed when holding START button closed.
Releasing START button before oil pressure switch closes will cause breaker to trip
out--hence a false start.

To regulate speed, move the drum control lever to next higher balanced speed point
\marked points) and pause only about one second, on each unbalanced point (unmarked
points). Do not allow motor to run on unbalanced speed points due to possible pulsat-
ing torque. This cais unnecessary wear on bearing, gears, and couplings.

MAINTENANC Isplate all power before attempting any maintenance. Drum con-
tactors should be cheeke'd for alignment, kept lubricated with a thin coating of vasoline
and kept free of excessive dirt and dust.

Suction Damper Control' .

Throttling the suction to the compressor is obtained by inlet guide vances located
just ahead of the inlet of the first wheel of the compressor. By throttling the compres-
sor suction, thepressure diffqtential through which the compressor must handle.the
refrigerant vapor is increased. The variable vanes not only perform, a throttling func-
tion, but also give a variable prerotation to the refrigerant vapor entering the compres-
sor. Suction modulation is effected by means of a temperature controller which sends
either air or electric signals to a variable inlet guide vane motor or actuator, in
response trov9.1,11anges in the temperature of the chilled water leaving the cooler.

A typical example of the suction damper control system makes use of the Honeywell
series 90 control loop. Figure 7-3 illustrates the variable guide vanes, the series 90
motor, and thq series 90 chilled water controller.

S-90

VARIABLE GUIDE VANES

Figure 73. Suction Damper Control
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SER1ES-90 CONTROLLERS. Before
you can fully under=nd'The operation
of a potentiometer. A potentiometer is
a variable resistor. Figure 74 illus-
trates this component which is a number
of turns of resistance wire wound on a
cylinder and constructed with three con-
nections. The center connection is a
movable finger or wiper which rides
over the length of the coil completing
the circuit wherever it touches. The
wiper can be positioned manually or
automatically, by a sensing element
resonding to a variable change.

EC223

Figure 74. Potentiometers

SERTES-90 CIRCUITS. The series-90 control-loop consist's of two circuits. Each
of them has a specific function in the overall operation of the series-90 control loop.

1. Control circuit: Figure 75 illustrates a modification of the Wheatstone bridge.
It consists of two potentiometers. One potentiometer is in the controller and its wiper
is moved by the sensing element, reacting to each variable change. The other poten-
tiometer is located in the motor and its wiper is moved by the rotation of the motor.
You will also note that the control circuit cont.ains two coils and a 24-volt power source.
The thermosat, in figure 75, is satisfied and the bridge is balanced. Power (24 volts)
is applied to the b by the trans mer. There are twa paths for current to flow.
The left circuit has a tota ohms resistance plus coil C1. The right circuit has
a total of 135 ohms resistance plus coil C2. The amount of current flow is equal in
both circuits. This is called a balanced bridge.

2. Motor circuit: The series-90 motor consists of a capacitor-type reversible
motor and a balancing relay. Figure 76 illustrates how a balancing relay'is constructed:
The motor is started, stopped, and reversed by the SPDT contacts of the balancing
relay. The relay consists of two solenoid coils and a U-shaped armature. The arma-
ture is pivoted in the center and the legs extend into the hollow cores of the solenoid
coil. A contact arm is fastened to the armature,in such a manner that one or the other
of the two stationary contacts may be engaged as the armature is movd4 back and forth
on its pivot. When the relay is in a balanced condition, as shown in fig e 76, the
contact arm floats between the two stationary contacts and the motor is at rest.

SERIES-90 OPERATION. Changes in conditions at the controller rppositions the
potentiometer which offsets the control circuit. NoW the amount of current flowing
through the two relay coils is unbalanced. Whenever the current through these two
coils becomes unbalanced, one of them becomes Stronger and the U-shaped armature
is moved.

The movement of the armature closes one of the relay contacts which in turn starts
the p.iotor running in the proper direction. If coil C1 becomeé stronger, the contact
blade is moved to the left making a circuit from one side of the transformer directly
to motor windings W1. The current is also supplied to Wgy the capacitor. The motor
operates in one direction until the bridge i b&lnced or therimit switch opens.
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Figure 75. $eries-90 Control Circuit

'

®
Figure 76. Diagranyof a Balancing Relay
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If coil C2 becomes the stronger, the
right-hand contact is made and W wind-
ings are directly powered while winding
W1 is powered by the capacitor. The motor
is again energized but now in the opposite
direction.

Figures 77, 78, and 79 are diagrams
of the series-90 control circuit at work
in various modes of operation.

Figure 77 shows an instantaneous
condition in which the current is flowing
from the transformer, through the poten-
tiometer.pointer, and down through both
legs of the circuit. In the positions shown,
the thermostat potentiometer pointer and the
the motor balancing potentiometer pointer
divide their respective coils so that R1 = R4
and R2 = R3. Therefore R1 + R3 =
R2 + R4 and the resistances on both sides
of the circuit are equal. The coils CI and
C2 of the balancing relay are equally ener-
gized and the armature of the balancing
relay is '-)zdanced. The contact arm is
floating between the two contacts, no
current is going to the motor, and the
motor is at rest.

Figure 78 shows another instantaneous
condition in which the temperature had
decreased a small amount. As a result,
the pointer of the thermostat potentiometer
has moved toward the right end of the
potentiometer coil. The amount of resis-
tance on both sides of the circuit is nb
longer equal (R1 + R3 is,greater than
R2 - R4). The greater share of the
current now flows through the right leg
of the circuit and coil C2 of the balancing
relay exerts a greater force on the arma-
ture than does Cl. The armature has
rotated, making contact to the side of the
circuit that sends current directly to
motor winding W2. The motor is running
in the corresponding direction and moving
the !motor balancing potentiometer to a
new poslcion.
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Figure 79 shows an instantaneous
condition after the motor shaft has moved
the motor balancing potentiometer to a
position which equalizes the current pass-
ing through the two legs of the circuit. In

this condition, the right side-of the thermo-
stat potentiometer has a resistance equal
to that of the left side of the motor balanc-
ing potentiometer. Likewise, the resis-
tance of the left side of the thermostat
potentiometer is equal to that of the right
side of the motor balancing potentiometer.
Again, R1 + R3 = R2 + R4, current flow-
ing through the two legs of the circuit is
equal, and the motor is at rest.

By careful analysis of the diagrams,
it will be seen that the motor runs until
the pointer of the motor balancing poten-
tiometer reaches a position which corre-
sponds to the position of the poihter of the
thermostat potentiometer.

. Condenser Water Temperature Con

By thrSttling the condenser w ter flow, the condenser pressure can be increased,
thereby increasing the pressure ferential on the compressor and reducing its

capacity. Occasionally, the lowes eed available on the variable speed control, rnayjr
not be low enough to meet the opera conditions. In such a case, the condenser
water 4ow may be throttled and the operating conditions may be broig ht up into the

range of the speed control.

CONTROLLIII
PO31141141-
313114
333 ONUS

30 TON
SALMICING

13$ 01431$

MOTOR
INAPT

E C 2106

Figure 79. 'Diagram of Series-90
Circuit Rebalanced in New Position

Hot Gas Bypass Control

The hot gas bypass is used to prevent the compressor from surging at low load

conditions. Should a low load condition exist, the hot gas bypass hand valve is opened

unacsurging stops. In reality, hot gas is byriassed directly from the condenser through
a flange with a venturi -(res4ictor) using a small amount of liquid to desuperheat the

gas. The precooled gas can then be injected into the cooler or evaporator. The hot

gas supplements the 'small volume of gas that is evaporated in the cooler due to a low-

load condition. Surging takes place when the impeller cannot get enough refrigerant
vapor to keep it loaded. The hot gas bypass is not a capacity control; it serves only
to control surging at low loads thereby considered to be an operational control only.
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SAFETY CONTROLS

Saicty controls are provided to stop the centrifugal machine under any hazardous
condition. The safety controls, ,see figure 80, are as follows:

1. Low oil pressure switch.
02. High condensing pressure. cuto4.

0
3. Low refrigerant tejnperature eutout.

.
. ,

4. Low chill water tpmperature.cdtout.

5. Chill water pump interlock.

6. Drum control interlock (optional).

7. Thermal overload cutout.

Low'oil pressure may cause da:mage to the bearings and to the seal. High con-
densing pressure may result in overloading of the compressor, gears or motor and
damage to the condenser. Low refrigerant temperature and low water temperature
may freeze the water in the cooler tubes and result 1n tube rupture. The chilled water
pump interlock prevents the machine from continuing to run after the start button is
released, The drum control interlock prevents starting the motor unless all resistance
is in the rotor circuit. The thermal overload cutout protects the control circuit.

440V AC

aka,

STOP

110V AC

START
DRUM CONTROL

1NTERLOCX

THERMAL
OVERLOAD

INTERLOCK
CONTROL RELAY

HIGH READ LOW CHILL LOW LIQU
PRESSURE WATER TEMP REFRIGERANT

CUTOUT CUTOUT TEMP CUTOUT

CHILL WATER OIL PRESSURE
PUMP INTER- SWITCH

LOCK

e.Safety Control Op /ation

AU the safety controls are automatic reset instruments. Each safety instrument
operates a relay switch which has one normally open and one normally closed contac-
tor. T1,e only safety, controls not considered to be automatic reset instruments are the
clull water pump and drum control interlocks. These are manual starting units. Whpn
a safety instrument is in a safe position, the corresponding relay is energized and -,,,

Figure 80. Safety Control Circuit



current is passed through the closed contactor. Should an unsafe condition exist, a
safety control will deenergize the corresponding relay and the normally closed contac-
tor will open to energize the circuit breaker trip circuit. When the circuit breaker
trip circuit is energized, it trips open and stops the compressor motor. The oil safety
switch operates somewhat differently. Since the oil pressure is not up to design con
diuons until the compressor comes up to speed, the relay for the oil pressure switch
must be bypassed when the machine is started. The function of bypassing the relay for
the oil safety switch is accomplished by a time delay relay in the circuit breaker, which
keeps the trip circuit open until the compressor is up to speed. After a predetermined
time interval, the time delay relay closes the trip circuit at the circuit breaker and the
oil safety switch serves its function. If the oil pressure does not build up by the time
the time delay relay closes, the trip circuit will be energized and the machine will stop.
The low oil pressure switch cuts out at fire pounds and in at six pounds. The high con-
densing pressure cuts out at 12 psi and in at eight psi. The low refrigerant temperanire
cuts out at 32°F and in at approximately 35°F. The low chill water temperature cuts
out at 38°F and in at 450 F.

Control Circuit

The control circuit in figure 80 uses 110v ac as a power source. This control cir-
cuit is used to connect the various safety and operational control relays in such a man-
ner as to allow current to flow through the circuit, thus protecting the system against
hazardous conditions and allowing the starting of the machine.

The thermal overload, low liquid refrigerant temperature cutout, low chill water
temperature cutout, high head pressure cutout, and the stop button are normally closed.
These relays will open, stopping the machine, whenever a hazardous condition exists:
Since the stop button is a manual control, it must be depressed by the operator.

Before starting the system, the operator must manually close the chill water pu.np
interlock and place the handle on the drum controller in the OFF position, closing the
drum control interlock. To start the system, the operator must manually depress the
start button, thus creating a circuit through the thermal overload, interlock control
relay, low liquid refrigerant temperature cutout, low chilled water temperature cutout,
high head pressure cutout, drum control interlock, the start button, and the stop button.

Current will also flow through the chilled water pump interlock, and upon reaching
the maninum oil pressure, the oil pressure switch will close. If after a twenty-second
period, the oil pressure switch has not closed, release the start button and check ycur
electrical circuit for possible troubles.

After the oil pressure switch has closed, and after the drum controller is placed
in speed "1 or higher, the current will flow through the following: thermal overload
interlock control relay, low liquid refrigerant temperature cutout, low chill water
temperature cutout, high head pressure cutout, oil pressure switch, chilled water pump
interlock and the stop button.

To stop the machine, whether normal or emergency operation, depress the stop
button.

NOTE: The interlock control relay is energized by a magnetic coil that closes
and allows current to flow to the holding coil of the main circuit breaker trip
switch. Should the power be interrupted by any of the safety controls, the ICR
(interlock control relay) will deenergize, tripping the main circuit breaker trip
switch. 118
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The discussion above on controls are of the basic type found on the 100-ton trainer
here at Sheppard. A more detailed discussion of the control systems found on more
modern machiries will now be covered. It is very difficult to give definite instructions
on sp.nific types of controls. Each manufacturer uses various types, designs, and
location .s. of controls. For the sake of our discussion, the Honeywell control system
used on the Carrier Model 19D will be used for an understanding of control concepts.

Control Location and Function

BEARDIG HIGH TEMPERATURE CUTOUT. This is a safety thermostat located
on the side of the compressor casting. The bulb of this thermostat is located in atrough cast in the 6mpressor casting. It is an S. P. S. T. switch that opens on a risein temperature. It senses the temperature of the oil after it flows through the thrust
and transmission bearings. When the thermostat contacts open, they break the elec-
trical circuit to the R-1 relay which stops the compressor. It will automatically reset
itself when alp temperature is lowered to its set point, but the machine will require
manual restarting.

NOTE: Electrical diagrams showing the relays and electricaL components
will be discussed in a later unit covering electrjcal circuits.

OIL HEATER THERMOSTAT. This is the same type of control used for the Bear-
ing High Temperature Cutou is located in the oil reservoir and its function is to
control the power to the h ter cir t. It 's set to open the heater circuit when the
desired temperature is eached. A y- 4 ndicator light will be ON when the thermo-
stat contacts are clo d and the heater is ON.

PURGE SAFETY AND LABYRINTH GAS VALVE SWITCHES. This is a differen-
tial pressure switch located in the purge console. It senses the pressure difference
between the cooler and condenser. The device has two functions, accomplished by two
switches.

1. Purge safety switch--A normally open switch that closes on an increase in
pressure differential. Its contacts are connected in the automatic purge circuit and
will not allow the,irge to operate until the machine is started and there has been a
pressure differencstablished between the cooler and condenser. It is set to close at
8 psid and open at 6 psid.

.;

2. Labyrinth gas valve switch--A normally closed switch that.opens on an increase
in pfessure differential. Its contacts are connected in the labyrinth gas solenoid valve
circuit and will be closed any time the pressure difference between the cooler and con-
denser is below 10 psi. When the pressure difference increases above this, the switch
opens aid deenergizes the labyrinth gas solenoid. It is factory set to open at 10 psid
and close at 8 psid. _

PURGE OPERATEiG SWITCH. This is also a differential pressure switch located
,......Natain the purge console. It senses the pressure difference between the condens and

purge collection chamber. It is an S. P. S. T.normally-closed switch and will en on
an increase in differential pressure. Its contacts are connectedin the purge automatic
circuit '.n series with the purge safety switch. As noncondensalles are collected in the
purge collection chamber the pressure in that chamber will rise. This decreases the
pressure difference between the condenser and purge. At 2 psid, this switch will close
and the purge compressor will operate until the noncondensables are removed and the

difference is 4 psid.
119
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CONDENSER HIGH PRESSURE CUTOUT. This is a safety control and is a pressure-
cperated S. P.S. T. switch that opens on a rise in pressure. It is a manual reset device.
It is mounted in the control console and is connected by copper tubing to a pressure tap

in the condenser. On a pressure rise, the electrical contacts open the R-1 circuit and
will require manual reset of the control plus manual restart of the machine.

ANTIRECYCLE TIMER. This is an adjustable timer located m the console. it.

has a switch with two sets of contacts. They close instantaneously when power is
applied and open at the end of the time period set on the dial. It limits the number of
starts of the compressor to 3 per hour. The tame range is adjustable from zero to 30

minutes with a mini:num of 3 minutes. Each dial mark equals 2 minutes. The timer is
factory set at 20 minutes.

REFRIGERANT LOW TEMPERATURE CUTOUT. This is a safety switch mounted
in the console with the remote bulb located in a section of the float chamber which is
open to the cooler. A thermometer is also located in this chamber. It is an S. P.S. T.
switch with the.contacts located in the control cirucit to relay R-1. Its purpose is to
shut down the compressor at a preset point and prevent freezeup of the chilled water.
It is necessary to push the start button to restart the compressor if it has shut down on
this control.

LOW OIL PRESSURE CUTOUT. This is a pressure differential switch with a
normally open contact located in the pressure switchbox on the front of the compresleor.
The lugh pressure connection is connected to the oil line to the motor end bearing. VI' he

low pressure connection is connected to the oil reservoir. The switch will close when

sufficient oil pressure is established. If for any reason, this pressure drops below the

set point, the contacts will open and break the circuit to coil ICR. This will shut down
the compressor but the oil pump will continue to operate. When sufficient pressure
has been reestablishedthe compressor will restart again. However, at this time the
antirecycle timer is energized and if the oil pressure cutout opens again, the cora-
pressor 4.nd oil pump will stop and will not restart. This switch is factory set to close
at 16 to1-1 psi and open at 11 to 12 psi above the oil reservoir pressure.

OIL FILTER HIGH PRESSURE CUTOUT. It is a differential pressure switch with

the high pressure side connected in the oil circuit between the cooling coil and filter.
The low pressure side is connected after the filter at the same point as the high pressure
connection-orrhe low oil pressure cutout. The switching action is the reverse of the

low oil pressure switch and the control will open on an increase in differential pressure.
The switch is a, manual reset device and the compressore_will not automatically reyart.

The oil filter switch is installed on machinekFith shipment dates up to 15 June 1965.

, VANE CLOSED SWITCH. The vane closed sviiech is an integral part of the guide
vane motor. Its purpose is to insure that the compressor can start only when the inlet
guide vanes are in the CLOSprvsition. The switch contacts are closed when the inlet
guide vanes are closed and ire OPEN when the guide vane motor has rotated 9 degrees

3) from its normal CLOSED position. The closed position is 15 degrees (4.: 3) from

the vertical centerline. Therefore, we can say the vane closed switch opens when tlie

crankarm is at a 24 degree angle from the vertical centerline. At this time the switch

is electrically bypagsed by a contact on the ICR relay which is located in the motor
starter.
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REFRIGERANT AGITATOR SWITCH(s). The refrigerant agitator switch(s) are
located in a accessory package which attaches to the guide vane motor. Their pur-
pose is to ejtergize the refrigerant agitator solenoilvalves at a predetermined vane
position. he switch contacts are closed and the solenoid valves are open When the
guide vane rriotor is in the closed position. These switches are set to open after nine
degrees and 27 degrees of vane motor rotation when two agitator valves are used and
at 27 degrees when one valve is used. .

CHILLED WATER LOW TEMPERATURE CUTOUT AND RECYCLE SWITCH. This
thermostat is used as an operational and safety control. It is located on the end of the
unishell at the chilled water outlet. The bulb is loated in a tube in the bottom row of
the outlEt pass. It is an S. P. S. T. switch that opens on a fall in temperature and has
an adjus:able differential. The switch contacts are in the ICR circuit and will recycle
the machine pff and on automatically as required by the chilled water load. Recommended
setting s to 'cut ut 5°F below leaving chilled water or 36°F whichever is higher. Cut
in at 10°F abov cutout point.

MOTOR WINDING HIGH TEMPERATURE CUTOUT. This is a bimetallic type
thermostat which is imbedded in the motor windings at the three o'clock position when
viewed from the compressor end. Its purpose is to shut down the compressor when
the motor windings become overheated. This will prevent a motor burnout. The switch
contac4 are normally closed and will open when the winding tenVerature rises to a
predeteimined point. They will not close until the temperature rails below a pre-
determined point. These settings are nonadryistable and are factory set.

REFRIGERANT PUMP THERMOSTAT. This is also( bimetall' ermostat lo-
cated at the same point op the motor winding as the moto winding t ermostat. Under
certain light load conditions, the pressure difference between the motor compartment
and the condenser is not enough to provide liquid refrigerant to the motor for cooling.
When this occurs, the motor winding temperature rises. At a predetermined temper-
ature (below that of the motor winding high temperature cutout setting), the pormally
open contacts of the refrigerant pump thermostat will close and start the refrigerant
pump. When the windings cool to a predetermined set point, the contacts will open
stopping the pump. This thermostat is alsp factory set and is nonadjustable.

CHILLED WATER CONTROL ELEMENT (ELECTRONI ).' The chilled water
control element is located in the outlet of the chilled water ci cuit. It'is a resistance-
type. element' and has no moving parts. It requires no adjustments. Electronic controls
will be discussed in a later unit of study.

Now that we have discussed some of the conettols found on the 19D machine, we
shall place them into electrical control circuitry. You cannot hope to work effectively
on a machine if you do not understand:

1. What the circuit is supposed to do in normal operation, and how to clit(rate it.

2. What each piece of equipment in the circuit does and how it functions.

3. The ccation of each part and the routing of the wiring.

4. The most likely cause of any malfunction.,

5. The best place for making a circuit test.
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To make it easier to understand, we will use "schematic diagrams" or, as they are
often referred to, a one-line diagram and build the circuits for our machine. It is

, important to remember, th4 contacts and controls are shown in theirnormalready
to start--position.

CONTROL SYSTEM WIRING SCHEMATICS
,

The wiring diagrams shown in figures 81 through 91 are typical complex control
system wiring schematics. Using this type of wiring schematic makes it easier to
follow and/ or isolate the individual circuits. Isolating the circuits makes it eqier tb
analyze thsttscircuit operation and its relation to the other circuits of the control system.
The circuits diagrammed infigures 81 through 91, the contacts and controls are shown
in the normal READY TO START POSITION.

The basic structure of the diagrams (figures 81 through 91).is the powerlines that
run vertically down the two sides of the diagrams. In this case, the powerline on the
left has a voltage of 115 volts while the powerline on the right-is neutral in potential.
The "grounding arrow" on the upper right of the neutral power-vire indicates that the
neutral wire of the control system is grounded intentionally. The operating voltage of
the control system that is to be discussed is' 115 volts. All of the control circuits that
are shown constructed between the power wires operate as 115-volt circuits in
parallel. (

Start and Stop Circuits

Figure 81 shows circuits that w.start and stop the centrifugal machine along with
some auxiliary equipment such as tine'cliilled water pump, condenser water pump, ard
cooling tower fan. To explain the control circuit, we will follow the operation step by
step. #.

The "Red Indicator Light", when eneigized, tells us that the control circuit has
power available. When the tart button is pressed, it energizes a relay coil, labeled A,
R1, and a green indicator l p which indicates releyfhl has power. When the relay
R1 has operated, one of its ontacts will open the ircuit to the red indicator lamp
which indicates that the Ri contacts have been actuated. Another contact of relay R1
closes and bypassed around the start button to maintain power to the relay coil.
Another R1 contact, located in series with the compressor control relay coil, also
closes. The control relay depends on several other switches being closed before it can
operate. If those control contacts are closed, the control rel4 will a1lo4r the compressor
to be started. The compressor VANE CLOSED switch must be closed to allow power to
the control relay coil (1CR) but will only be 'closed if the compressor capacity control
vanes are in the closed position. When the vane switch is closed, the control relay will
be energized and close the compressor motor contacts. The control relay (1CR) closes '
one of its contacts to bypass the VANE CLOSED switch so that the vanes can now open
without affecting the control relay circuit.

The auxiliary equipment is energized at same time as the start was pressed.
When the start button was pressed, the P1Lr RELAY (PR) coil was enerelzed. The
PILOT RELAY closed contacts which feeds ower to the chilled water pump, condenser
water pump, and the cooling tower fan. It will be shown later that the auxiliary equip-
ment must be operating before the compressor will run. While the start button is still

\
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Figure 81. Start and Stop Circuits

depressed, the PILOT RELAY also closes contact PR which bypasses *the start switch
Sin order to maintain power to the relay coil after the start button is released.

To stop the compressor and auxiliary equipment, all that is required is to press
'Stop Button" which opens the power supply to the relay coils and contactsyof the

control circuits. s\
, ---

--,

)

I

I

Oil Pun. Motor Control Circuit

The sc ematic in figure 82 is the same as figure 81 except for the addition of the
oil puma motor control circuit, which is shown at the top of the schematic in heavy
lines. The schematic shows that the oil Dump may be operated manually or automatically,
depending only on the position of the selector switch. The selector switch is spring
loaded to the automatic position; therefore, to manually operate the oil pump, the
selector must be held in the manual position by the operator. Normally, as in the auto-
matic pcisition, the oil pump must be operating and producing pressure before the
comaressor can be energized. The circuits which assure oil pump operation before
the compressor can be started will be shown in figure 84. Regardless of the selector
switch position, the oil pump motor can only operate if the pump motor line starter
coil can be electrically energized. Notice that the pump line starter coil. labeled M3,
has two overload contacts that must be closed before that coil can be energized. If
the overload contacts are closed, the pump motor will start.

When the oil pump line starter coil was energized, it started the oil pump to pro-
duce oil pressure for lubrication prior to compressor startup. , The
compressor starting circuit cannot be energized before the pump is producing pressure,
due to the oil pressure cutout switch in the starting circuit. There is also a magnetically
operated switch in the compressor starting circuit which depends on oil pump motor
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Figure 82. Oil Pump Motor Control Circuit

operation or at least on the pump starter operation. The oil pump line starter,
operated by coil M3, closes the auxiliary contact in the line starter which then feeds
power to the oil pressure cutout switch. When the pump built up oil pressure, the
oil pressure cutout switch will close and the compressor contQ1 relay (1CR) will be
energized, if the "Vane Closed" switch is closed, and thus siart only the compressor.,

Motor Cooling Pump Circuit

---,,, In figure 83, starting at the top is the motor cooling pump. This is the pump that
provides liquid refrigerant to the motor for cooling purposes under certain previdusly
mentioned operating conditions. It is controlled by it thermostat which senses the

temperature of the motor windings, when the motor winding's reach a predetermined
temperature, the thermostat contacts will close and the motor cooling pump will start.
The green indicator light will come on. When the windings cool to a predetermined
temperature, the thermostat contacts will open and the motor cooling pump stops. The

manual switch is connected in parallel with and is used only to operate
the pump manually. .

,

_.)

1

Purge Pump Circuit

The next circuit down the diagram is the purge pump circuit. The switch at the
left is for manual or automatic operation. When at contact M the purge pump motor
(PPM) will operate, the purge solenoid will open and the yellokm indicator light will
come on. This switch is placed in A for automatic, normal operation.
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Figure 83. Motor Cooling Pump and Purge Pump Circuits

Switches P-1 and P-2 are pressure differential switches. P-1 is the purge safety
switch and is connected across the cooler and condenser. When the difference across
these two components is greater' than 8 psi, the switch will close. This occurs shortly
after sta.rtup. Switch P-2 is called the purge operating switch and is connected across
the main condenser and the purge condenser. When noncondensables accumulate in the
purge condenser, the pressure increases. This closes the P-2 contact and the purge
pump will operate until the pressure is reduced.

When. it is neces y to operate the purge manually, the purge switch is placed inthe M position. An 0 FF switch is also located in the purge solenoid control cir-
cuit. Place this switch i e ON position for normal operation.

Compressor Lubrication Circuit

The moving parts of a centrifugal compressor normally operate at a very high RPM.
Lubrication of the compressor is of the,utmost importance-toAhe operation of-the
machine.' ,L,ubrication of the compressor, preceding compressor startup, is assured by
a time-delay relay coil, which will close the delay contacts to start the oil pump motor.
In_other words, when the compressor start button iS pressed and the relay, RI, (see
figure 84), has operated'its contacts, one set of-contacts (R1 contacts) closes and feeds
power to the time delay relaY coil which then closes the contacts, in the pump Motor
control circuit, t,o start the pump motor. The compressor control relay cannot be
energized until the pump is running and producing pressure, thus the compressor can-
not be started without proper lubrication being available.
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Figure 84. CompresskLubrication CirCuit

As can be seen, the machinetan operate in an automatic mode because of the oil
pump circuit which provides lubrication to the compressor prior to startup. When the
compressor is shut down for any reasont it still needs lubrication during the coast-
down period of the maclune.The only tire the oil pump will not provide oil pressure
for operation or coast-down is if the oil pump or motor failed. Unless there is a
failure in the oil pump or motor, the time delay relay will maintain oil pump operation
by holding the delay contacts closed for approximately one minute after compressor
shutdown.6

If the compressor contacts should ever weld or otherwise get stuck in the closed
position, in spite of the control circuit trying to shut the compressor down, there must
be a circuit which will keep the oil pump running. There is such a circuit in this
diagram. Tied in with this circuit is a relay (R2), which not only keeps the oil pump
operating but also maintains the power to the pilot relay coil which keeps the auxiliary
equipment running to prevent chilled water freezeup and excessive head. The circuit
operates as follows. When the compressor has started and reached its running speed,
the motor will be connected to the power thrOugh a line starter which provides delta
connections. As the delta connected starter closes, it also closes an auxiliary contact
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which feeds power to the oil cooler solenoid and relay Coil R2. Relay contacts of R2
closes two circuits. One of the contacts will bypass the pump motor time-de:lay contacts
to keep rae pump operating. The other R2 contacts will maintain power to the pilot
relay to keep the chilled water pump and condenser water pump operating. Notice that
the oil, cooler solenoid will be energized any time that the compressor is in operation.

Indicator Lights

In figure 85, lights and solenoid valves have now been added in the lower right
corner of the diagram. The green light is the low oil pressure indicator. It will be/
lit whenever there is suffidient oil pressure to keep the oil pressure cutout closed.
If the compressor should shut down on low oil pressure safety switch, this light will
be OFF.
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Figure 85. Indicator Lights
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The next step down shows a normally closed pressure switch (P-1), the labynnth
gas solenoid valve and a yellow indicator light. P-1 switch is a pressure differential
switch connected across the cooler and condenser. When this pressure rises to 10 psi
the switch will open and the solenoid valve Will close. As the machine load and con-
denser pressure decrease, the pressure differential will decrease and at 8 psi the
switch will close and the solenoid valve will be energized. The yellow indicator light
will be ON whenever the solenoid is energized.

The next two steps down show two normally closed switches and two more solenoid
valves. The switches are enclosed in the guide vane actuator and are operated b} a i aro
connected to the actuator shaft. When th,e load decreases and the vane actuator rotates.
these switches will cläse at preset conditions and open the solenoid valves in the
agitation lines.

Capacity Control

In the preceding diagrams the machine would operate properly if it was always at
full load conditions. When a changing load is imposed on the machine some means must
be provided to control the capacity of the machine. This has been added in figure 86.

The chilled water control element is shown in the lower left corner. This is a
resistance element which is located in the leaving chilled waterline. As the water
temperature changes, a signal is sent to an amplifier Circuit in the chilled water
control unit which causes a relay to operate the guide vane actuator. It rotates in the
proper direction and moves the guide *ne,s. As they open or close the capacity of the
machine is increased or decreased. 1St e two wires extending from bottom of the
chilled water control lead to a current transformer in the main motor starter which
controls the guide vane actuator in the event of motor overload.

One side of the control is connected to the Electronic Control ON-OFF switch in
the hot line ahead of the stop button. It is recommended that this switch be kept ON
during the cooling season. This will always keep the electronic components warm.
If the power to these components was .cut off each time the machine stOpped, the
components would be subjected to alternate heating and cooling and thel.ife greatly
reduced.

The electronic control circuit will be discussed in a later unit of instruction.,

Antirecycle Control

In figure 87, the components now added to the control circuit are all part of the
antirecycle control. If the machine were to operate normally with less than 3 starts per
hour, there would be no need for these components. They are safety devices placed in
the circuit to protect the motor from short cycle starting.

4/0

Under normal starting conditions, relay 2CR is energized when the start button is
pushed and contacts R-1 and M-3 in the hot line arp closed. This action closes the N. 0.
contact and opens the N.C. contact in the hot line to the relay R5 shown at the upper left.
R5 relay is deenergized so the N.C. contact (R-5) in the hot line to relay 1CR does not
open and 1CR remains energized. At the same time coils TM (timer motor), TC (timor
clutch), and relay R-6 are energized. Contacts T are N.C. and set for a 20-minute delayed
opening action. After this delay period T contacts open and do not close until TC is
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deenergized. Under normal conditions this break of the T contacts have no effect
because the circuit is complete through contact 2CR. Therefore, the machine will
continue to operate nOrmally.

If the machine stops for any reason within 20 minutes after startup, relay 2eR will
be deensrgized. This would return contacts 2CR to their normal positions. The cir-
cuit would then be complete through the left-hand T contact, contact R-6 and NC con;
tact 2CH to relay R-5. When R-5 is energized it opens the N.C. contact (R-5) in the line
to ICR and 1CR cannot be energized. The compressor cannot operate if ICR is not
energized.

After the timer motor ha.s run through ists 20-minute period)the T contacts will
open and deenergize relays R-5 and R-6 and coils TM and TC. Contact R-5 will close.
Contact R-6 will open and keep relay R-5 deenergized. The machine can now be
restarted.

,

Protectikpevices
i

In iigure 88 we will add fuses, safety controls, and interlocking contacts.

In the third step down42..))arnp fuse has been placed in the hot line to protect the
motor cooling pump. In the fourth step down a 15-amp fuse has been added in the purge
pump circuit. Another 3-amp fuse has been added just to the right of the stop button.
This is for the protection of R-1 and the safety devices in that circuit.

The safety devices in this circuit are numbered 1 through 4 and M5 and M6.
Number 1 is the condenser high pressure cutout. It is a normally-closed switch with
manual reset. If the condenser pressure should rise above the set point of 15 psig, the
contacts will open the circuit to R-1 and stop the machine. To retart, manually reset
the control and push the start button. ..-

Number 2 is the bearing high temperature cutout. It senses the temperature of the
oil as it leaves the transmission. If this temperature exceeds 1850F, the contacts will
open and stop the compressor. To restart, push the start button.

Number 3 is the motor high temperature cutout. It is a nonadjustable thermostat
which senses the motor winding temperature. When the windings reach a temperature
of 221°F (: 10) the switch will open and stop the compressor. To restart, wait until
the windings cool and push the start button.

Number (4 is the refrigerant low temperature clitout. It is set to shut down the
compressor when the refrigerant temperature reaches 1°F below the design suction
temperature or 34°F, whichever is the lower. To restart. wait for the refrigerant
temperature to rise and push the start button.

Contacts M5 and M6 are auxiliary contacts in the starters for the chilled water and
condenser water pumps. If either of these starters open, the circuit is broken to R-1

and the compressor stops. On systems using flow switches they are connected in the
same line. To restart in either case. push the restart, button.

t _
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The next step down the diagram is a normally closed thermostat labeled as number
5. This is the chilled water temperature cutout and recycle switch. It senses the
leaving chilled water temperature aid shuts down the compressor when the leaving
chilled water temperature falls to 5°F below the design chilled water temperature.
When the chilled water temperature rises approXimately 10°F the switch will close and
the compressor will restart automatically. This can be classified as an operating
control. It differs from the previously described controls in that when its contacts
remake the compressor starts automatically.

Do not confuse this control wiLt the chilled water element control we discussed in
figure 86. The control element se ds a signal to the guide vane actuator which opens
and closes the guide vanes abLeTuiates the capacity of the machine. The low chilled
water temperature cutout and recycle switch will start or stop the machine and
functions only when the chilled water temperature drops below the set point of the
control element.

The N.C. contacts added to the line to relay 1CR are the main motor overloads.
When the power drawn by the motor exceeds the set point, these contacts will open and
stop the compressor. For safety reasons, you should push the stop button prior to
resetting the overloads. If not, the compressor will start when the overloads are
reset.

If any of the abovementioned cb'd.acts open, the chilled water and condensing
water puniPs will continue to operate. The only time they will stop is when the stop
button is pushed and R-2 is deenergized.

;ormal Operation Indicator Lights

To figure 89, we have added five gteen indicator lights. They are located on the
front of the control panel. When the machine is operating normally all of these lights
will be ON.

Number 1 is the chilled water temperature light. When the compressor stops on
the chilled water low temperature cutout and recycle switch this light will go off. The
others will, remain ON.

Number 2 is the condenser pr essure indicator. When the condenser high pressure
cutout opens, this light and lights 3, 4, and 5 will go out.

Number 3 is the bearing and motor winding high temperature indicc3or. When these
safety cutouts open, this light and lights 4 and 5 will go out.

Number 4 is the low refrigerant temperature indicator. When the refrigerant low
temperature cutout opens, this light and number 5_will go out.

Number 5 is the waterflow indicator. If the M5 or k6 contacts open or if flow
switchr:s are used and they open, this light will go out.

If tha main starter overloads open, all the green lights will remain on.
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Oil Heater and Thermostat

To minimize the amount of refrigerant which is absorbed in the oil, it is
necessarY to 'keep the oil warm. To accomplish this an oil heater and thermostat are
used. Both are submerged in the oil reservoir. The thermostat is set to open when
the desired oil temperature is reached. This breaks the circuit to the heater and
turns it off.

The sourcu of voltage is from a circuit separate from the control circuit. In this
manner, the heater and thermostat are not removed from use when the control circuit
is turned off.

A yellow light is connected in parallel with the heater to indicate when it is on.
A 15-amp fuse is also installed ahead of the thermostat to protect the circuit in cbse of
overload. (See figure 90)

120 VOLTS

tvw
15 A OIL HEATER

Figure 90, Oil Heater and Thermostat

Figure 91 is the complete wiring diagram with all components labeled.
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ELECTRONIC CONTROL SYSTEM

In the previous discussion of centrifugal unit controls and unit wiring, mention was
made of electronic ntrols. This unit will discuss the basic principle of operation of
the Honeywell contro used on the 19D centrifugal machine.

The electronic c ntrol panel shown in Hgures 92 and 93 serves two different
function: It prevent motor ovezlaild by throttling the inlet guide vanes at preset
conditiong and contro1s machine capacity by regulating the position of the inlet guide
vanes according to the .temperature of the leaving chilled water.

r.

Figure 92

1. Electronic control ON-OFF switch
2. Machine START button
3. Vane DECREASE button
4. Chill water THERMOSTAT
5. Vane INCREASE button
6. Machine STOP button
7. Oil pump AUTO-MANUAL switch
8. Capacity control THERMOSTATIC-MANU/L switch

Under normal conditions the water, leaving the cooler is controlled by the chilled
water ccntroller. A resistance element placed in the chilled water reacts to the
teMperacure. The element is part of a bridge circuit from whichsignals are streng-thened
by an electronic amplifier, which in turn activates relays. The.relays "open" or
"close" to drive the electric vane motOr, which "opens" or "closes" the compressor
inlet guide vanes.
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* 3-Amp fuse Safety control circuit
10. 3-Amp fuse Refrigerant pump
11. Oil pump time delay relay
12. Relay R4
13. Relay R2
14. Relay R1 /

15. Differential atijusting screw
16. Capacity balance adjusting screw
17. Chilled water Calibration adjusting screw
18. Motor load Calibration adjusting screw
19. Throttling range adjusting screw
20. Electrical demand control knob
21. Test jack
22. Relay CR1
23. Relay CR2
24. Relay CRC
25. Reray CRO

. 22

23

24

25

\
.

Refer to figure 94. If the water temperature is within 1/2°F of the set point;
relay contact CRrwill be closed and CRO will be open. In this condition, neither the,,
"open" or "close" winding of the capacitor start vane motor will be energized and the

vane motor remains at a fixed position.

If the water temperature rises above the set.point, relay CRO will pull in,

energizing the "open"rwinding. The vane motor-vill drive the vanes "open" until a

new balance 'position is reached. Relay CRO will then "open" deenergizing the "open"

winding and the vanes stop.

..
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A similar action takes pface when the water temlierature falls below the set point.
Relay CRC will "open" causing contacts in R4 to close, thus energizing the "closet'
winding of the vane motor. The vane motor will drive toward "closed" until a new
balance point is reached, opening relay CRC and the motor stops.

The vane`motor is equipped with travel limit switches which preventsmotor over-14 travel past full "open" or "closed." Relay R4 will cause the vanes to close on machine
shutdown and they stay in that position until the rriachine is restarted.

PANEL
,,EllmINAL 44

STRIR

MOTOR LOAO

CONTROL

CRI

CR2

TO CURRENT
TPANSFORmER im STARTER

vir

THERmOSTAT

THERMO

mANUAL

THERMO

CHILLED RATER PANEL -STRIP
CONTROLLER

CRC

)-

CRO

MANUAL

_J
MANUAL

3
RESISTANCE ELEMEN'

SENSING WATER TEMPERATURE

igure 94

PANEL TERMINAL STRIP

Motor overload is detected by a current transformer and resistor in the motor
starter. An increase in current flow causes a voltage drop across the resistor. This
change in voltage is amplified sufficiently to activate relays. The relays can interrupt
the amplifier circuit independently of the chilled water relays, and can even prevent
the vanes from opening further or cause biem to close.

If tha current flow reaches 103 percent of full load motor rating, relay CR2 will
open and prevent the vanes from opening further. If the current draw continues to
increase and reaches approximately 108 percent of full motor rating, relay CR1 wilik
open and cause the vanes to "close" thus reducing the current draw. When this driliris
reduced to approximately 106 percent) relay CR1 will close causing the vanes to stop
moving. When the current flow drops to below 100 percent. relay CR2 will close and
the machine is back under control of the chilled water control whch will actuate the
inlet guide vanes as described above.
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The capacity control switch on the panel allows the operator to put the mac ne on

"Thermostatic" or "Manual" control. When on manual, the leaving chilled water

temperature is controlled by use of "higher" and "lower" pushbuttons. The inlet

guide vanes will move only when one of these buttons is pushed, or if the motor overload

control closes them. The motor overload control will override the manual signals at

any time to prevent overloading the motor. When on "automatic" the chilled water

temperature is automatically maintained.

An adjustable knob on the control known as the "electrical demand control" allows

the operator to reduce the amount of current which can be drawn by the motor down to

40 percent of full load amperage'

The electronic ON-OFF control switch onithe control paiiel provides current to the.

electronic control system. This switch is nofmally left in the ON position during the

entire operating season to prevent the electronic system from being subjected to

alternate cooling and heating stress.

A potentiometer with an adjusting knob is also on the panel. This is the "chilled

water thermostat" and is electrically connected to the chilled water control. One

division of the thermostat dial equals approximately 1°F. When calibrated, the pointer
will be approximately at the center of the dial when set for designed chilled water

temperature. This permits manual adjustment for colder or wamer water.

It must be understood that the above discussion has been very basic. Any adjust-

ments to an operating machine should be made only after checking specific instructions

by the equipment manufacturer.

SYSTEMS OPERATION

The centrifugal machine is stopped and started by the operating personnel. Definite

op instructions may be prepared by your installation supervisor, and are usually

poste the machine for ready reference.

It is very difficult to give definite instructions in this manual on the operation

procedures for a given installation. Various design factors change the location of

controls, types of controls used, and equipment location and will have a definite effect

on operational procedures.

The procedures we will cover pertain t the 100-ton centrifugal unit located here

at the school. These procedures are generlal in nature and should not be considered for

use with field installed applications. When you-encounter centrifugal units ALWAYS

consult the specific manufactureA instructions.

Normal Starting Procedures

/ Listed below are the recommended steps that can be used in normal starting.

1. Check oil levels for motor, gear, couplings, compressor, and bearing wells.

2. Allow condenser water to circulate through the condenser, being sure to vent

air and allow the water to flow through slowly. This precaution must be observed to

avoid water hammer.
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3. Allow chilled water to circulate through the cooler. Be sure to vent the air
and allow the liquid to flow through slowly. As explained above, this will help in
preventing water hammer.

4. Make sure that air pressure is present at all air-operated controls.

5. Start the purge unit before starting the machine; this helps in removing air from
the machine. The purge recovery unit should be operated at all times while the machineis operating. -

6. Make sure all safety controls have been reset and that the control lever is in
OFF position.

7. Close the circuit breaker for all safety controls by pushing the start bu to? in.

8. Bring the machine up to 75 percent of full load with all resistance in. Checkoil gages to make sure proger oil pressure is being developed. If proper oil presshre
is not developed in approximately 20 seconds, the machine Arvin cut out on low oil
pressur,?..

9. Open the valve to allow the cooling water to circulate to the compressor oil
cooler, gear or turbine oil cooler and seal jacket. The water circulating to the com-
Pressor oil cooler must be kept low enough in temperature to prevent the highest bear-
ing temperature from exceeding a temperature of 1800F. The seal bearing temperature
shoulcfrurr approximately 160°F, while the thrust bearing temperature runs at approx-
imately 145°F under normal operating conditions. These temperatures should be
checked closely until they maintain a satisfactory point.

10, After starting, the machine may surge until the air in the condenser has been
removed. During this surging period, the machine should be run at high speed; this
helps the process of purging. The condenser pressure should not exceed 12 psig and-
the input current to motor-driven machines should not run over 100 percent of the full
load motor rating. The machine will steady itself out as all the air has been purged.
After lereling out the motor speed, the damper may be adjusted to give the desired
coolant temperature. The motor should be increased slowly, point to point. Do not
proceed to the next speed point until the motor has obtained a steady speed. Keep a
close observation on the ammeter to make sure that the motor does not become
overloaded.

Normal and EMergency Shutdown

NOTE: Normal and emergency shutdown procedures are performed in the same
manner.

The following steps are used in shutting down the centrifugal machine.

1. Stop the motor by throwir)g the switch on the controller.

2. After the machine has stopped, turn off the water valve which supplies water
to the compressor oil, gear oil cooler, and the seal housing.

3. Shut down all pumps as required.
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Shutdown periods may be broken down into two classes, standby and extended shut-

down. Standby shutdown may be defined as the period of time during which the machine
must be available for immediate use, while extended shutdown is defined as that period

of time during which the machine is out of service.

STANDBY SHUTDOWN. The following checks must be made during standby shut-

down and corrective action taken.

1. Maintain proper oil lever in the oil reservoir and in the,suCtion damper

stuifing box.

2. Room temperature must be above freezing.

3. Machine /must be kept free of leaks7

4. purge unit must be operated as necessary to keeR the machine pressure below

atmospheric pressure.

5. If the machine pressure builds up in the unit due to room temperature rather
than leakage of air into the machine, a small quantity of water circulated through the

condenser or cooler will hold the machine pressure below atmospheric. Periodic
operation of the purge unit will accomplish the same result.

6. The machine should be operated a few minutes each week to circulate oil aid

lower the refrigerant temperature.

EXTENDED SHUTDOWN. If the system is free of leaks and the purge unit holds

down the machine pressure, the following instructions and corrective actions must be

taken in long shutdown periods.

1. Drain all water from the compressor, gear and turbine oil cooler, condenser,

cooler, seal jacket, pumps, and piping if freezing temperatures are likely to develop

in the machine room.

2. It is possible for the oil to become ekcesSively diluted with refrigerant causing

the oil level in the pump chamber to rise. This level should not be allowed to rise into

the gear bearing chamber; if this occurs, remove the entire charge of oil.

LOGS AND RECORDS

A daily operating log is maintained at each attended Plant for a record of observed .

temperature readings, waterflow. maintenance performed, and any unusual condition

occurring which affects an installation operation. The operator is held responsible for
keeping an accurate log while on duty.,

A master chart of maintenance duties, each component identified, is usually pre-

pared by the installation supervisor and includes daily, weekly, and monthly mainte-

nance services. The maintenance items included on the chart are applicable to a

specific installation. The items on the chart must be checked accordingly.

The master chart is placed near the operating equipment for ready reference so

that operators can identify the specific maintenance service required.
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The supervfisor schedules' operator maintenance duties which are selected from the
master chart. Each operator, while on duty, must perform the outlined job and enter
his progress in the daily log.

A good log will help the operator locate troubles rapidly. A typical log sheet has
spaces for all important entries anda carefully kept log will help make troubleshooting
easier.

SYSTEMS MAINTENANCE

It is very difficult to set up a definite mainte.nante schedule since so many opa.a.-
tional factors must be considered. Your superkisor should familiarize you with the
standing operating procedures at your installation and you must follow these
recomm endations.

The tubes in the conderfser and coole-r must receive regular attention for efficient
performance and long life. Special care must be taken during the first year of opera-
tion due to dirt and other foreign materials which may have collected in the system
during installation. The water treating system must operate effectively to prevent
general corrosiori of the tubes and piping system. Folleign material and corrosive attack
can do extensive damage to the system's piping and water tubes if pot effectively
treated and corrected.

A special type of nylon brush should be used to clean tubes. This brush is designed
to prevent scraping or scratching of the tube's inner wall. The brush is forced through
each tube by hand pressure. During this cleaning process most of the scale, mud, and
other foreign deposits will be loosened. The removal of such loose deposits can be
accomplistied by flushing with water.

If the tubes are completely covered with scale, a chemical treating process must be
used to remove all foreign deposits. The manufacturer's maintenance manual will
give infcrmation on the type and strength of chemical solution to us,e on their designed
units.

Condenser

It is recommended that the condenSer tubes-be brushed at least once a year. Hourly
checks mist be maae between the difference of the leaving condenser water temperature
and the condensing terriperature. If at full load operation, this difference exceeds the
design xalue, fouling of tube surfaces is taking place. Should the leaving chilled water
tern3erc.ture be hard to maintain, cleaningof the condenser tubes is recommended.

SERVICING. The following procedures should be followed in cleaning condenser
tubes.

1. Shut off the main line inlet and outlet valves.

2. Drain water from condenser through the water box drain valve. Open the vent
cock in the gage line Ar remove the gage to help draining.

3. Remove all nuts from the water box covers, leaving two on loosely for safety.
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4i. Using specially threaded jacking bolts, force the covers away from the flanges.
As soon as the covers are loose from the ,gaskets, secure a rope to the riggpg bolt th
the covers and an overhead support. Remove the last two nuts and place the over on

the floor.

5. Scrape both the cover and the matching flange to free any gasket material.

Remove the water box division plate by sliding it out from its grooves. Caution
s out be used in removing this plate; it is made of cast iron. Penetrating oil may

e used tO help remove the plate.

7. Use a nylon brush o equal type on the end of a-long rod. Clean each tube with
a scrubbing motion and flus each tube after the brushing has been completed.

CAUTION: Do not per it tubes to be exposed to air long enough to dry before
71--- cleaning as dry sludge is more difficult to remove.

8. Replace the division plate after first shellacking the required round rullbec
gask in the two p.00ves.

9. Replace the water box covers after first putting graphite on both sides of each
gasket as this prevents sticking of the gaskets to the flanges.

CAUTION: Care mast be taken with the water box cover on the water box
end to.iee that the division plate matches the rib of the flanges.

10. Tighten all nuts evenly.

11. Close the drain and g4ge cock.

12. Open the main line water valve and fill the tubes with water. Operate the pump,
if possible, to check for leak-tight joints.

REPAIR. Retubing is about the only major repair that is done on the condenser.
This takes a high degee of skill and may require the services of a manuiacturer's
qualified repairman.

Evaporator or Cooler

You will be required to make frequent checks of the chilled water temperatures in the
evaporator. If these temperature readings at full-load oPeration begin to vary from
the designed temperatures, fouling of the tube surfaces is beginning and cleaning is
required when leaving chilled water temperature cannot be maintained.

In cleaning the evaporator, it is recommended that the/tfibes be cleaned at least
unce a year, which may vary with local operating conditions. Cleaning schedules
should be outlined in the standard operating procedures.

SERVICENG. Servicing procedures for shell-and-tube type evaporators and con-
densers are the same since all shell-and-tube containers are built/and operate on
similar principles. I .
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REPAIR. Retubing is about the only major repair that is done on the evaporator.
This work :3nou1d be done by a qualified refrigeration repairman or a manufacturer's
representative.

Charging the Unit

The manufacturer usually ships the refrigerant in large metal drums. These drums
weio approximately 200 pounds. At temperature above 74. 8°F, the drum will be under
pressure. To prevent ioss of refrigerant or injury, never open the drums to atmosphere
when above this temperature. It is possible to charge refrigerant from an open drum_
at 60°F temperature, although it is recommended that leak-tight connections be made
to the charging valve. The charging valve is located on the side of the cooler. To
help in t;ie charging procedure, each refrigerant drizm has a special type of plug
installed or the side of the drum This plug is specifically engineered for charging
purposes. The charging connection on the drum consists of a.two-inch plug in which
is inserted a smaller 3 4-inch plug. The 3, 4-inch opening inside the drum is covered
with a friction cap. The cap prevents leakage Into or out of the drum when the 3'4-inch
plug is unscrewed To charge the machine with refrigerant, proceed as follows:

ar

1. The machine must be under a vacuum.

2. hstall a 3 4-inch nipple into the standard globe valve and close the valve.

3. Remove the 3/4-inch plug inserted in the two-inch plug from the drum.

4. Place the valve with the nipple into the opening, making stire that it is far
enough in to push off the cap inside the drum.

5. Place the drum in a horizontal position near the cooler charging valve with
ihe use of a hoist. The,drum shoulia be high enough to allow the refrigerant to flow as
a liquid, by gravity, from the drum to the charging line. Rotate the drum so that the
valve is at the bottom.

6. Connect the two valves (drum and cooler) With a copper tube and fittings,
making sure all the joints are leakproof..

7. Open both valves and allow the refrigerant to flow into the cooler. Operate the
machine to maintain a vacuum after the initial reduction to zero.

8. When the drum is empty, close the valve on the cooler and disconnect the drum,
Remove tile valve for use with the next drum. Complete charging of the machine
requires 600 pounds of R-11.

ADDLNG REFRIGERANT TO MAINTAIN A STANDARD LEVEL, When adding
refrigerant, use the.same procedures as explained above. Another method that can be
used to add refrigerant is to simply allow the refrigerant to be drawn in as a gas.
This can be done by letting the drum rest on the floor and letting the gas escape into
the cooler while the machine is in operation or idle.
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Removing Refrigerant Charge

In removing refrigerant from the cooler, the following procedure is recommended.,

1. Inject air into the machine un.til a pressure of two to five pounds gage is
eached by use GI the purge re6overy-unit.

'

1

2. Connect tubing to the charging valve on the cooler and allow the refrigerant to

discharge into the refrigerant drum.

3. Less loss of refrigerant will take place if the refrigerant is cold. Always

allow space in the drum for refrigerant expansion.

Oil Replacement

1. Gage pressure in the machine should run approximately 1 psig.

2. Drain oil from the bottom of the main oil reservoir cover.

3. Remove the main oil reservoir cover and clean the charnber to remove all
impurities.

4. Replace the main oil reservoir cover.

5. Remove access bearing cover plate.

6. Lift up the shaft bearing caps by reaching through the bearing access hole 2nd
removing the two large capscrews.

7. Fill the bearing approximately 3/4 of the hill charge, allowing the excess oil

to flow into the main oil reservoir.

8. Replace the bearing cap and secure with capscrews.

9. Remove the brass plug from the thrust housing and remove the strainer; clean
and replace.

-.

10. Replace the plug and secure.

11. Drain oil through the plug in back of the seal oil reservoir.

12. Remove the cover from the seal oil reservoir.

13. Refill the reservoir with new oil.

14. ReplaCe the coler and secure.

15. Drain the oil through the plug at the bottom of the oil reserVoir that is. vented
to.the atmosphere.

16. Remove plug in the atmospheric oil reservoir and pour in fresh oil until the
level is halfway in the atmospheric float;chamber sight glass.

17. Replace the plug and secure.

18. Operate the purge unit to remove as much air as possible before starting the
machme.

19. Add oil to the atmospheric float chamber, if main oil reservoir indicates an
undercharge after a short period of operation. /
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MAINTENANCE CHECKLIST

The following checklist should be used in inspecting the many componentS of the
centrifugal machine. Maintenance problems will be greatly reduced by using the
following schedule. This schedule is outlined in AFM 85-18.
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c OM PRESSOR
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1. Review operating log

2. Complete oil change

3. Check oil filter pressure drop

4. Renew seal oil filter

5. Clean thrust oil strainer

6. Check oil pump drive

7. Check' oil heater and flow switch

8. Oil level in pump chamber

9. Oil level atmospheric chamber

10. Oil level seal oil reservoir

11. Cil pressure seal chamber

12. Oil pressure back of seal

13 Shaft bearing temperatures

14. Inspect seal

15. Shaft' beaTing clearances

16. Shaft labyrinth clearances

17. Thr ust bearing

18. 0,i cooler - water leak
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Inspection Int er v al
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19. Oil safety cutout in

20. High pressure safety cutout

21. Water to seal water jacket

22. Water to oil cooler

23. Seal opening clearance

NOTE:
1. Perform inspections and

tests as found necessary.
2. As often as required.
3. Add.oil when idle.

COOLER

1. Review operatinglogs

x

x

x

x

x

2. Refrigerant level machine idle

3. Refrigerant temperature - machine
running x

4. Check for fouled tubes

5. Refrigerant contamination

6. Low temperature refrigerant cutout

7. Low water temperature cutout x a

8. Condition of insulation

9. Leak test low side

10. Seal on suction damper x
V.

11. Rupture valve

1
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, Inspection Interval
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CONDF.,NSER

1. RevIew operating logs

2. Check for fouled tubes

3. Leak test high side

4. Check for air and nancondensable
gases

PURGE RECOVERY UNIT

1. Compressor oil change

2. Oil level

3. Refrigerant level in separation
chamber

4. Pressurestat cutout

o. Relief valve setting

6. Regulating valve operation

7. Suction discharge pressure

8. Water Col,lection

9. Excessive purging

10. Motor lubrication - cleanliness

11. Belts-condition-alignment

12. Compressor efficiency

13. Clean condenser
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Inspection Int erval

14. Oil separator float

15. Pressure test

NOTE:
1 Perform inspections and

tests as found necessary.
2. As often as required.
3. Add oil when idle.

GEAR

1. Oil level

2. Oil pressure

3. Clean oil strainer

4. Condition of teeth and bearings

5. "Olierating temperature

6. Water to oil cooler

7. Change oil

COUPLINGS

1. Check lubrication

. 2. Clean - renew lubricant

3. Check alignment and. wear

usg
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Inspection Interval

0 0
2

>4

1-4

6.0

MOTOR - CONTROLLER

1. Bearing oil level

2.-; Collector rings and brushes

3. Bearing condition

4. Bearing oil ctange

5. Condition of contacts

NOTE:
1. Perform inspections and tests

as found necessary.
2. As often as required.
3/. Add oil when idle.

TROUBLE DIAGNOSIS CHART

a)

c/a

The steps to be taken in detecting and correcting operation of the centrifugal
machine are outlined in the following trouble diagnosis chart. Use the proper methods
for making these/service adjustments, repairs, and corrections as outlined in this
c hapter.

All settings, clearances, and adjustments must be made to the manufacturer's
specifications. 'The manufacturer's maintenance catalog gives definite clearances,
temperatures, pressures, and positions for adjustment of component parts. These
tolerances must be set as recommended for efficient operation. Carelessness in these
settings can caUse extensive damage to the machine.

5 13
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TROUBLE PROBABLE CAUSE REMEDY

High head
pressure

Loss of capacity

Compressor
urges

efrigerant
kR-11)too low

wt.

Low on condenser water

Sealed and dirty condenser
tubes

Division plate rupture

Air in condenser. (Check dif-
ferences between leaving water
temperature and condensing
temperature)

Condenser float valve in econ-
omizer stuck closed

Condenser not transferring
enough heat

Hot gas bypass valve open

Gradual contamination of re-
frigerant by oil

Sudden increase in difference
between refrigerant and water
temperature

\Gradual increase in water and
,refrigerant temperature

Load too light

Air leak

High condenser pressure

Charge lost or trapped in con=
denser or economizer by stick-
ing floats

Purge unit leaking

Check condenser water pump
for proper operation.

Inspect and clean condenser
tubes.

Remove air from lines.

Operate purge unit; find and
repair leak.

Adjust float, examine valve
seat, and eliminate cause
sticking.

Check items listed in idh
condenser pressure).

Close valve.

Replace refrigerant harge.

Check division plate and
gaskets in cooler water box
for breakage.

Clean cooler tubes; remove
excess oil from refrigerant,
cheek division plates and
gaskets.

Open hot gas bypass.

Run purge unit and rep.air leak

Check items listed in "high
head pressure."

Find leak, check floats, add
refrigerant after determining
cause, of leak.

Check relief valve.

gei
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TROUBLE PROBBLE CAUSE .REMEDY

Compressor
second stage
frosts

N...

Lowrback of
seal pressure
with high seal
pressure

Compressor
bearing too
high

Gear overhea ed

Economizer float valve stuck
.,

Light load with cold condenser

Suction damper closure causes
circUlation of condensate from
economizer

Dirty filter

Filter cartridge improperly
installed

Insufficient flow of cooling
water throughout oil cooler

Excessive dilution of oil by the
refrigerant upon startup or
electric oil heater off during
shutdown

Temperature in pump chkriber
above 150°F when compressor
is started

Thrust or shaft bearing scored

High oil level

Dirty oil level

Dirty cooler

Low cooling waterflow

i

4: ,
Check float operation.

Decrease flow of condenser
iater.

Readjust suction damper con
trols to give a greater opening
of damper.

Remove, inspect and clean
filter.

Check installation of filter and
replace correctly.

Open throttling cock to oil
cooler.

Operate electric oil heater
during shutdown.

Turn on cooling water sooner
on starting, check for clogged
cooling coil. Check and clean.

Check bearing and shaft end
clearance.

Drain excess oil.

Drain excess oil.

Clean cooler tubes.

Increase cooling waterflow,

SUMMARY
zo J

Direct expansion refrigeration systems pump refrigerant directly through the cool-
ing coil, whereas indirect systems pump chill water or brine through the cooling coil.
Indirect refrigeration may be either of the centrifugal or reciprocating type.

There are several companies that manufacture the ce machine. Except
for a. few engineering differeiices, these machines are t same. When in doubt about
any maintenance or operational procedure, refer to the manufacturer's manuals or
handbooks for specific information.
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An itemized checklist and operational log must be used andmaintained by tlr
operator on duty. Careful inspections will help in correcting malfunctions and give the
machine long life and efficient operation.

-
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ABSORPTION SYSTEMS

OBJECTIVES:

SG 3AZR54550-2-III-4

This study guide will aid you in learning the major components of a lithium-bromide absorption system. It will also aid you in learning all the fluid lines, pumps,and fluid flow through the system. Capacity control of the unit will also be discussed.
INTRODUCTION

An absorption machine has very little electrical power requirement for the greatcooling ability that it has. The power to operate the cycle comes from a heat sourcesuch as steam or hot water. The job of the absorption cycle is the same as that of acentrifugal machine. It must cool a secondary refrigerant which in turn will cool theactual air in the room or the air being delivered to the room.

ABSORPTION SYSTEMS

A g',ven air-conditioning system can use any one of several refrigeration plants.Reciprocating and centrifugal plants were discussed in detail in previow4e4sons. Inthis unit of study you will learn the operation of absorption systems used for aircondiVoning,

The use of the aqua-lithium bromide absorption system began in 1945. Theprinciple of operation was a century old but, until this time, it had never beencompletely safe, successful or economical. These systems are used for air con-ditioning, and their capacities range from three to over 1000 tons. The absorptionunit is in great demand at the present time in large installations. The machines lowoperating cost, dependability, minimum maintenance and space requirement, longlife, and serviceability are its major advantages.4
Absorption Unit Construction

The majority of absorption machines consists of two cylindrical shells (upper andlower). The upper shell contains the generator and condenser assemblies, while thelower shell contains the evaporator and absorber assemblies. Other minor units suchas the unit heat exchanger, unit pumps and electrical components are located betweenthe supporting legs of the unit.

System Fluids

The absorption air-conditioning unit is of the Water-chiller type. It is a forcedcirculation machine usipg Seam or hot water as the energy source or activatingmedium Water is usea-l-s the refrigerant and Lithium Bromide salt as the absorbant.
Lithium bromide is called the "thirsty.' salt. It is similar in appearance to table salt,and is capable of absorbing a high percentage of water vapor. Therefore, the workingfluids in the absorption system are wo.ter and lithium bromide. These fluids are
inexpensive, plentiful, nontoxic, nonexplosive and create no health or fire hazards.
Neither luid deteriorates within the system and once charged it should not be
necessary to replace either one.
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BASIC ABSORPTION CYCLE

Successful operation of an absorption machine is based on 0,vo principles called

the "keys" to operation. They are-

1. The ability of lithium bromide to absorb a large amount of water vapor.

2. The ability to make water boil or flash Cool itself at low temperatures by

subjecting it to a high (deep) vacuum.

For water to boil in the evaporator at 38°F a vacuum of approximately 29.65
inches mercUry is required. To illustrate the necessity of maintaining this vacuum,

an increase of only 0.06 psi in the unit will raise the leaving chilled water temperature

10°F.

To understand the operation of the
refrigeration cycle, think of two self- 41.

contained vessels, one containing the
salt solUtion (which is known as the
absorber) and the other containing water
(known as the evaporator). Join the two
containers as the in figure 95.
Ordinary table salt absorbs water vapor
when it is exposed to damp weather. The
salt solution in the absorber has a much
greater ability to absorb the water vapor Figure 95. Absorption Schematic, Part A

from the evaporator. The water that
remains in the evaporator is chilled by evaporation, which produc'es a refrigeration or

cooling effect within the tank. Both the absorber-and evaporator are in a vacuum.

This vacuum causes water.to boil at a much lower temperature. Because of this,

the chilled water can be cooled down to a temperature of 38°F. The evaporator has a

pump (shown in figure 96) which moves the cooled water from the evaporator tank to

the spray header. This header sprays the cooled water over the surface of a set of

chilled water coils. The evaporation and cooling effect of this spray on the surface

of the chilled water coipls cools the water inside the coils as it recirculates through the

system.

SALT SOLUTION
,

WATER VAPOR

,AAA
ABSORBER-

SALT SOLUTION

EVAPORATOR

A A

WATER

CHILLED
WAtER TO

OUT REFRIGERANT
CHILLED LOAD
WATER

IN

EVAPORATOR
PUMP

Figure 96., -Absorption Scheinatic, Part B
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0

GENERATOR

STEAM

STRONG SOLUTION

WATER VAPOR

A -A A
ABSaBER

SALT SOLUTION

Ae.EVAPORATOR
-.011i CHILLED

WATER OUT

CHILLED
WATER IN

A A A
1

ATER

SOLUTION PUMP EVAPORATOR
PUMP

Figure 97. Absorption Schematic, Part C

a

When the water drips from the coils, it will fall into the evaporator tank. Some
of the spray will be absorbed by the lithium bromide that is also being sprayed in the
absorber (figure 97). After the salt solution has absorbed as much as it can, the
solution becomes weak. It will not absorb any more water vapor. This weak solution
is pumped through the hgat exchanger to the generator, figure 98, where steam coils
cause the water to boil off and leave a strong salt solution. The strong solution will
drain from the generator back to the absorber. The water vapor will rise to the
condenser. The condensing waterline from the cooling.tower will cool the vapors
enough for them to liquefy. This water flows back to the evaporator tank where it is

,Thumped through Me spray header across the cOils. The vapor that did not condense in
the condenser will flow to the purge unit, and the noncondensable air is discharged er.-
into the atmosphere.
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GENERATOR

; HEAT ETCNANGER

IABSORBER

CONDENSER

A A A

0

WATER VAPOR

SALT SOLUTiON 1

CONDENSING
WATER

SOLUTION EVAPORATOR
RUMP PUMP

-`igure 98. Absorption Schematic, Part D

CHILLED
WATER IN

0

0 Z,'",z

We.can compare the basic absorption cycle with the mechanical compression cycle
which you have already learned. Refer to figure 99 as you proceed for the comparison.

*:

To simplify the absorption cycle we will start the cycle at the outlet of the con-
denser and not at the compressor as you are accustomed to.

High pressure liquid refrigerant (water) passes from the condenser (1) through
an orifice or restrictor (2) and expands into;khe lower pressure evaliorator (3). As
the refrigerant (water) is discharged from the orifice into the evaporator (3) the
refrigerant (water) is cooled by flash evaporation. The heat will flow from the water
circulating through the conditioned space to the liquid refrigerant, vaporizing the
refrigerant.

The refrigerant, now a vapor, flows to the absorber (4) where the pressure is the
lowest in the system. In the absorber the yapor is absorbed by, the lithium bromide,
a salt solution. A combination of absorbent and refrigerant, now mixed.,lorms
diluted or weal.: solution. This diluted solution being heavier than the strong absorbent
settles to the bottom of the absorber shell where kis pulle6 out by the solution pump
(5). The weak solution is now pumped to the generator or concentrator (6). The_
refrigerant is recovered from the absorbent in this component by distillation. Heat is
applied to the solution by means of low pressure steam or hot water boiling out the
refrigerant. The ,strong absorbent solution returns to the abSorber and repeats the
process. The refrigerant vapor passes to the condenser (1) where it is cooled and
condensed by cooling tower water flowing through a tube bundle.
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UP STROKE OF PISTON GENERATOR CONDENSER

CW 5-R0KE OF pISTON

Figure 99. Compression-Absorption Comparison

EVAPORATOR. Chilled water flows through the evaporator tube bundle. It is
cooled by the refrigerant being sprayed over the tubes. The chilled water is then
pumped to where it furnishes cooling. A refrigerant collection pan, located below
the chilled water coils, collects,.and stores the refrigerant for further cycliftg.

CONDITIONED
SPACE

COOLING
WATER

ABSORBER. The,water vapor formed in the evaporator is absorbed by the lithium-
bromide solution that is being circulated in the absorber. Cooling water from the
tower flows through the tube bundle in the absorber remoVing the heat of absorption,
heat of condensation and sensible 1)eat. The lithium bromide must be kept cool to
absorb vrdter.

GENERATOR. Lithium-bromide solution is pumped from the absorber to the
generator where low-pressure steam, or hot water, provides the heat necessary to
boil the solution. Boiling removes the water that was absorbed in the absorber and
makes a strong solution out of the weak solution. The strong solution then returns to
the absorber section. The low-pressure steam or hot water comes from a boiler.'

CONDENSER. The water vapor produced in the generator is condensed in the
condenser by the relatively tool condenser water flowing from the absorber. A water
pan collects the condensed water vapor and returns it to the evaporator section.

HEAT EXCHANGER. A shell and tube heat exchanger in the lines between the
absorber and generator transfers heat from the hot strong solution that is leaving the
generator to the weak solution that is entering the generator. This increases the
machilies efficiency by causing the solution to be in the generator for a shorter period
of time.

PURGE UNIT. The purge unit is a necessary part of the machine. It removes,
stores, and discharges to the atmosphere, all air and noncondensables accumulated
in the machine.
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Figure 100 shows the configuration of the machine more realistically.

CONDENSER

Hir..- GENERATOR OUTLET BOX
CONDENSING WATER

PURGE
C.A.BER

. iI-7J

CHILLED
WATER

-
I

/-..----&
i

-,'!/,,:>,=',':`,`-':

EVAPORATOR

its /1111%'%1,5S55 / I o-, I 5 %
1

REFRIGERANT,
PUMP

ABSORBER
PUMP

GENERATO'R"--
PUMP

C-MIA-029

Figure 100. Absorption Refrigeration Machine

PUMPS. The pumps that are used with an absorption air conditioner are usually
of tne centrifugal type. They are equipped with mechanical seals when they are used
in a vacuum, as they are on an absorption air conditioner. Theg.e-s-eals require a
head of water for lubrication so that wat'er rather than air enters the unit in case
the seal leaks. On the later model units the pump and pump motor are hermetically
sealed.
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SOLUTION CONCENTR/A.TION AND DILUTION

During operation the solution concentration in the machine changes constantly
depending on the capacity being produced. At full load capacity the concentration is
high, a,s the load decreases the concentration is lower. When the solution is at high
concentration and allowed to cool, it will solidify or crystallize. This will cause no
permanent damage to the machine. The machine simply cannot produce cooling because
the solution cannot be circulated.

Solidification can be caused by the following:

1. Air leak

2. Operation with condenser water below design temperature

3. Power failure of sufficient length to allow the machine to cool down

4. Improper solution and refrigerant charges

5. Shutting the jnachine down with insufficient dilution time

During operation the solution is concentrated, therefore it must be di uted before
the machine is shut down. This is accomplished automatically. When the stop button
is pushed the,steam capacity control valve closes, the rest of the machine will con-
tinue to operate for fpproximately seven minutes. During this time the solution in the
absorber is absorbing water vapor, but since the capacity control valve is closed and
the solution cannot be concentrated, it will be diluted. This process will be covered
in a later unit.

CHECKS AND SERVICE OF ABSORPTION MACHINES

Loss of Vacuum

This problem may occur as the results of an air leak, loss of purge, bad pump
seal, etc. When air leaks into the system, the absorber pressure rises with the
presence of noncondensables, thus limiting evaporator capacity. The leaving chilled
water temperature will then rise, which signals the steam valve to open. This causes
the_generator ternperature to increase and produces a more concentrated solution.
With the increasing pressure there is less load on the absorber which.results in a
decrease in the diluted solution temperature. This cooler diluted solution, passing
through the heat exchanger, cools the concentrated solution sufficiently to cause
crystallization. Air leakne, without a doubt, is the worst enemy of absorption
equipment. The consequences are serious because in the presence of air, lithium-
bromine becomes corrosive to meial and is subject to solidification.

CHECKLNG MACHLNE VACUUM, STANDING VACUUM TEST. Before starting the
absorption machine, you must check to see if air has leaked into the machine. This
is accomplished as follows:

1. Determine the absolute pressure in the machine by reading and logging the
manometer located on the machine.
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RUNNNG VACUUM TEST. This test is performed on an operating machine. To
accomplish this test proceed as follows:

1. Take the manometer reading (figure 101) and the ambient temperature of the
machine room.

,

2. With these two known values, plot the pressure-temperature curve as shown in
figure 101.

1
NOTE: For example, with a machine room temperature of 80oF and a manometer
reading of.0. 80 absolute pressure, the point of intersection of the lines is below
the curve.

3. If the plotted temperature and pressure is .1 inch mercury above the curve
there is air in the machine and a leak check must be performed.

LEAK DETECTION TEST. If the standing or running vacuum tests indicate a leak
in the machine it can be located by the following procedure:

1. Break the machine vacuum by charging the machine to a pressure of 5 psig
using Refrigerant 12.

2. Continue charging with nitrogen to a pressure of 18 psig.

3. When this charging operation is complete, test the system carefully with a
leak detector preferably of the electronic type. Op4. If service work is to be performed and the machine opened to here, the
pressure regulator on the nitrogen cylinder should be set to constantly d 1 psig
into the machine. SERVICE VALVE

Charging with Refrigerant and Solution

Alter all maintenance is completed
and the system passes a satisfactory
vacuum test, the unit is ready to be
charged with solution and refrigerant.
To charge with refrigerant, connect a
vacuum pump to the purge connection
and let it run for several thinutes to
lower the atrSTP*) e pressure of the
system. See fig1re 102.

SolLtion Charging:

DRUM

1/2 RIPE CUT
AT 45 ANGLE

FLEXIBLE HOSE

OR, LITHIUM BROMIDE

C. MA -028

Figure 102. ,Charging Setup
1. Connect flexible hose to a/2..

pipe. Cnt elid of pipe at a 45° angle to prevent pipe from sealing itself on bottom of
drum. Fill both pipe and hose with water.

-

2. Insert pipe into drum and connect flexible hose to solution pump service
valve.
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foci,
3. Open, service valve. Charge the system with the amount specified by the

manufacturer for the particular unit. Caution should be exercised to never let the
liquid level in the drum drop below the end on the pipe. II this should happen air
would be drawn into the unit.

Refrigerant Charging:

1. Same procedUre as solution charging.

2. Insert pipe into drum and connect flexible hose to refrigerant pump service
valve.

3. Same procedure as solution charging.

Level.and Concentration Checks

SOLUTION LEVEL. The solution level in the absorber must be checked. Normal
operating level is approximately one-third of the absorber sight glass at full load

' operation. At partial-load operation, the solution level will vary between one-third
and two-thirds, of the sight glass.

REFRIGERANT LEVEL. The refrigerant level is visually checked through the
sight glass located on the evaporator. At a high level the water may spill over the
evaporator tank into the solution in the absorber, causing a loss of operating efficiency.
A low level will cause the evaporator water pump to surge (cavitate) when it is running.
A low refrigerant level results in less refrigeration effect.

ADD OCTYL ALCOHOL. With the machine running, add the recommended amoant
of octyl alcohol to the solution through the alcohol charging valve in the absorber pump
discharge line. The discharge pressure of the absorber solution pump is approximately
five to fifteen inches of vacuum; therefore, even with the pump running, it will be
possible to draw the alcohol into the maciiine. This cleans the outside of the tubes in
the generator and absorber and improves their efficiency in transferring.heat.

REMOVLNG REFRIGERANT OR
SOLUTION. When it is necessary to
remove a part or all of the system charge,-
you may use one of the two methods
below. On some units the pump dis-
charge pressure is aboVe atmospheric.
On these units just open a valve on the
pump discharge and drain out the quantity
desired. On units that all pressures
are below atmospheric, remove the
charge using the following procedure.
Refer to figure 103 (1) Connect vacuum'
hoses to service valve, flask, and
vacuum pump. (2) Operate vacuum
pump to bring flask pressure below
absorption unit,pressure. (3) Open
service valve and solution or refrigerant will flow into flask.

EXHAUST VACUUM LINE

TO
SERVICE SYSTEM
VALVE

VACUUM
PUMP

FLASK
C M A - 2SC

Figure 103. Removing Refrigerant
or Solution
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SOLUTION CONCENTRATION CHECK. A common characteristic of the lithium
bromide absorption air conditioner is that the lithium-bromide solution will crystallize

or solidify under certain conditions. To solidify or crystallize means the absorbent
changes from a liquid to a solid state. Solidification will cause the unit to stop, but

will not cause permanent damage to the unit. After the solution is desolidified; the
unit may be placed back in operation. To desolidify you would dilute the solidified area
with system liquids and, if necessary, apply heat. One method used to determine
solution concentration (percent of lithium-bromide to water) is as fo/lows. We wiP

use some figures to form an example along with the diagram in figure 104. Use 1000

for the temperature of the refrigerant leaving the condenser. Follow the 1000 line

upward until it gets to the diagonal waterline, mark the chart at this point. Use 1600

for the temperature.of the solution leaving the generator. Using the mark that yom have

already made on the chart, go horizontally to the right until you intersect the 160'

vertical line. At this point read the solution concentration from the diagonal lines, it
would be 65 percent.

During operation the solution concentration should not exceed the 65 percent figure.
From the above example, it is obvious the generator is operating at its mwdmum

concentration. If tlus concentration is allowed to increase, slush will form in the heat

exchanger and prevent the Concentrated solution from flowing.

With the steam valve fully open and thesolution concentralion check indicates the
concentration is over 65 percent,the folloping steps should be taken immediately.

1. Throttle the steam,to the generator until the solution checks indicate the
concentration is at a safe level of 64 to 65 percent.

2. Check the refrigerant level in the evaporator sight glass. If a low level

is indicated it may be necessary to add refrigerant to the system.

TYPICAL ABSORPTION UNIT CONTk)LS

Operation

The operation of an absorption air conditioner can be compared to an expensive
airplane. When either one is out of control, they do not perform the way they shocld.

It is, therefore, important that you understand the controf circuits of the lithinm-

bromide system.

Absorption systems use electric, electronic, and pneumatic controls. We will

explain the operation of a typical control circuit as you refer to figure 105.

When the main switch is turned on, itA5upp1ies voltage to the control voltage line.

The start-stop switch (S/S) is energizedro the start position, starting the chilled watei

pump through LS-2 which is interlocked with a set of auxiliary motor starter contacts.
In seriqs:vith the auxiliary contacts is a flow switch (FS). Once flow has been
established in the chilled water circtlit, the flow switch (FS) closes supplying voltage

to the'pneumatic electric switch (PE).
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Upon a rise in temperature in the chilled water supply line, the branch line pressure
of the chilled water thermostat (T-1) wilise. The rise in branch line pressure causes
the contacts in the pneumatic electric swiTch (PE) to close, which energize the con-
densing,water line starter (LS-3) starting the condenser pump. The cooling tower line
starter (LS-4) is energized simultaneously through auxiliary contacts starting the cool-
frig tower fan. Once the cooling tower fan is in operation the cooling tower thermostat
(T-2) will cycle the fan on and off to maintain designed cooling water temperature.

CONTROL VOLTAGE

LS.I

-_T
[-....-.

'(3
UNIT

PUMP

LINE VOLTAGE

LL- MTC TO
LTC

.c. ir

LS.47
T-2

-1

COOLING
TOWER FAN

S-I

LS3
_

CONDENSER
PUMP

SVI
MAIN
AIR

T1
BRANCH AIR

LS.2
FS --iL-

4--T 4,4
Tir

S/S

-7--

CHILLED WATER
PUMP

Figure 105. Lithium-Bromide Electrical System

STEAM VALVE
,

CM-,045

Turning the system's on-off switch (S-1) on, energizing the time delay relay (TD).
This supplies control voltage to the unit pump's line starter (LS-1) through the normally
closed low temperature control (LTC), motor temperature control (MTC), and the
liquid ievel switch (LL) starting the pumps.

Energizing the unit pump line starter (LS-1) closes auxiliary contacts to supply
control.voltage to the solenoid air valve (SV-1). This opens the solenoid supplying
branch pressure to the steam valve.

t.,
Systems water temperature changes are sensed by the chilled water thermostat

(T-1). The thermostat responds by varying the branch line pressure to the steam
_

valve.

When lower chilled water temperature is sensed b -1, indicating that cooling
is no longer needed, the branch line pressure will deereas causing the pneumatic
electric switch (PE) to ppen. This deenergizes the condenser pump line starter
(LS-3) which in turn deenergizes the time delay relay (TD), solenoid air valve (SV-1),
and the cOoling tower,fan line starter (LS-4) stopping the fan. The less of control
voltage to the solenoid air valve (SV-1) causes the steam valve to close, stopping steaki
to the generator.
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Prior to complete shutdown, the unit pumps will continue to operate for approxi-
mately seven minutes, under control of the time delay relay (TD), allowing the mixture
oi weak and strong solution. This equalization of the solution throughout the solution
handling portion of the system eliminates the possibility of crystallization during
shutdown.

/-/
The purge pump and purge pumplenoid valve (SV-2) are energized by closing

the purge pump on and off switch (S-2)

ADJUSTMENT OF ABSORPTION UNIT CAPACITY CONTROL SYSTEM
i

The operation of the machine can only be as good as the units which control it.
You must understand that various manufacturers use different controls, each selected
to meet specific needs of the installation. You should of course, consult the manu-
factureri manuals before attempting to calibrate any control. The general information
we shall discuss covers the Honeywell LP 914A sensor and RP 908A controller.

LP 914A Sensor

CONSTRUCTION. The LP 914A
sensor is inserted into a weir at the
chilled water line and is connected
with c onventional pneumatic tubing to the
RP 908A controller. Figure 106 shows
the sensor. Figure 107 shows the
internal construction of the sensor.

STAINLESS

BALANCING

DIAPHRAGM
1.

Figure 106. LP 914 Sensor

TAINLESS STEeSPRING

VALVE

UNIT, CHAMBER

Figure 107. LP 914 Internal Construction

, This temperature sensor, which we shall discuss and work with has an Invar rod,
brass tube, And a stainless steel balancing diaphragm as its working parts...

1

The sensor will operate accurately at a distance of one mile or less and is not
affected by vibration. Total movement of the stainless steel balancing diaphragm is
legs than one ten-thousands (. 0001) of an inch.

..

1NVAR ROD BRASS TUBE

1
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The sensor is designed to always have a minimum of 3 psig applied and a max(mum
of 15 psig applied. It has a'sensitivity ef .06 psi/1 temperature change. LP 914A
sensors,are available in various temperature range The sensor we will discuss
has a range of -40 to + 160°F.

CALIBRATION. The sensor is factory calibrated and sealed with a plastic cover.
If the senEor fails, the complete sensor must be replaced. DO NOT ATTEMPT TO
CALIBRATE,

OPERATION. On an increase in temperature, the brass rod expands, moving the
Inver rod away from the steel balancing chamber pulling it closed. With the diaphragm
closed the pressure will back up into the input chamber of the RP 908A to a possible
makimum of 15 psig.

On a decrease in temperature, the brass rod will contract, causing the invar
rod to move the ,Steel diaphram away from the seat. This will allow all pressure above
3 psig to escape to atmosphere.

It was stated earlier that the LP 914A sensor was factory calibrated, however,
there are two methods for checking the operation of the sensor.

Refer to figure 108 which illustrates a pneumatic temperature-pressure chart.
The temperature AT THE SENSOR is measured and plotted vertically from the bottom
of the chart to the diagonal line. A horizontal line is plotted from this point to the psi
range,. A gage installed in the sensor line should correspond to this reading. For
example, a sensor, temperature of 700F should equal 9. 6 psig.

Alternate Method Without Chart:

The measured temperature at the *sensor is 70°F.

The lowest range (base) of this sensor is -40°F.

The sensitivity of the sensor is 0. 6 psi/1°F.

The sensor will always have 3 pbig applied.,

Mathematically, start with the measured temperature 70oF.
add the base range of the sensor +40°F.

Multiply the sensitivity x. 06
6. 6

add the 3 p'sig always applied 3

the sensor line pressure gage 9. 6 psig
should read

If the gage line pressure does not equal the psig required, check all air lines fey..
leaks before condemning the sensor.
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RP 908A Controller

CONSTRUCTION. The RP 908A controller consists primarily of a three-pipe
manifold labeled "B" for outgoing branch line to the controlled device (steam valve),
"M" for incoming main or supply air and "1" for sensor input to and from the LP 914A,
an L shaped lever, and valve unit with relay chamber. Refer to figure 10.

OPERATION. The main air enters the controller where it passes through a small
restrictor to port "1", which is connected to the sensor and the input chamber. On a
rise in chilled water temperature, pressure in both the sensor line and the input
chamber move the main lever against the set point adjustment spring.

BRASS TUBE INVAR ROD STAINLESS STEEL
BALANCING DIAPHRAM

PROPOR-
TIONAL
BAND
SPRING

RELAY
CHAMBER

LEVER
RELAY
ASSEMBLY

EXHAUST

BRANCH MAIN PORT
LINE LINE # I

RIGID STEM SENSOR

BL

DA PIVOT .....
"PROPOR-

""1
LEVER IRMIDOIAL

SAND PEWIT

SENSOR LINE
TO CONTROLLER

MA:N
LEvER

PROPORTIONAL BAND
ADJUSTMENT KNOB

Figure 109

SET POINT
ADJUSTMENT

RP 908A

PNEUMATIC CONTROLLER

W/ LP 9 14 SENSOR '

This movement causes the relay lever assembly to pivot the exhaust port closed, ,

which causes the-main airport to open allowing the air pressure to enter the relay chamber,
thus supply air to the branch line and operating the controlled device (steam valve).

On a decrease in chilled water temperature the sensor will bleed the pressure from
the input chamber, causing all lev to move in the opposite direction. The relay
lever will pivot closing the main t allowing the branch line pressure to bleed
out the exhaust port. This is ter CT ACTLNG OPERATION.-

To transform the RP 908A into a re se-acting device it is necessary to move the
proportional band lever pivot screws to e everse acting position. By doing so, the
proportional band lever, relay operating ar and relay lever move in the opposite
directon: The branch line and input chamber pressure FALL on a RISE in temperature.
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NOTE:

1. All controllers are seisfor direct action control as received from the vendor.

2. Doublecheck all controllers against the below sketches before installing

into the control panel.

3. When setting up a controller for reverse action, remove the controller from

the mounting plate by removing the thxee mounting screws. Connect springs and move

pivot screws as indicated in figure 110 which can be foundinside the controller cover.

SPRINGS NOT
CONNECTED

DIRECT ACTING FRONT a BACK

PWOT SCREWS RAW a BACK

PIVOT SCREWS

FRONT a BACK

- Figure 110. Changing Action of Controller

CALIBRATING THE RP 908A CHILLE6 WATER CONTROLLER.

PROCEDURE:

Cx

,

1. Check that the springs and tovot screws on the controller are set to provide

direct action required by this controter.

2. The branch line connecting the controller with the sensor must be tight

and free of leaks.

3. Proportional band adjustment; proportional band is the change in. variable

(temperature) required to move the controlled device (steam valve) from one of its

extreme limits of travel to-the other and is expressed in percent of the controller
scale plate, it is adjustable from 2 1/2 percent to 40 percent on the,RP 908A.

The controller has a spring which must be connected to the main lever when the

proportional band setting is 15 percent and above. See figure 111.

PROPORTIONAL

BAND 15% BELOW

SPRING

CONNECTED

SPRING NOT
CONNECTED

PROPORTIONAL

BAND15% a ABOVE

Figure 111. Changing Proportional Band of the Controller
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The RP 908A comes from the manufacturer with an assortment of scale ranges that will
coincide with the range 6f the LP 914A sensor or any portion of that range, making the
controller an extremely versatile instrument. The range we will use, for example,is
50°F to 100°F.

The proportional band adjustment or setting can be made before the system is
placed into operation. Adjustment is as follows:

a. Loosen the proportional band adjustment knob and move the knob sideways
until the pointer indicates the desired proportional band setting. For our discussion
we will use a setting of 10 on the direct-acting scale. This setting of 10 will give a
5 percent range of the 50°F to 100°F scale plate. Compute as follows:

Scale Range

Total Range

P. B. Setting

50
oF to 100°F

100-50oF or 50oF

10 percent

50
x .10

5.00 or 5 percent usable range

With this figure determined we can now set the controller to maintain our desired
condition.

4. Measure the temcorature at the sensor.

5. Turn the set point adjustment knob.to Midspriag Range of the steam valve.

The amount of pressure required to move the valve from closed to open is
the spring range of the valve. The spring range of a given valve can be
determined by applying pressure to see when the valve starts to move and
when it has moved as far as it will go. U the valve starts moving at 7 psig
and c'ompletes its move at 11 psig the spring range is 7 to 11 psig.

This means the valve will not move until 7 psig is applied and will be fully
open at 11 psig.

The midspring range can be determined by,adding the high and low and
dividing by 2. For example 11 - 7 = 18 and 18 2 is 9. When the controller
sends 9 psig to the valve it will be half open of in the midposition.

6. Move the scale plate slider to indicate the temperature measured at the
sensc,r.

Thrn the set point knob to the desired temperature.

8. The controller is now cahbrated.
04.
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Department of Civil Engineering Training
Sheppard Air Force Base, rexas

WB 3AZR54550-2 -III-1 -P1
2 October 1974

DETERMINING WET BULB, DRY BULB, AND WET BULB DEPRESSION

OBJECTIVES'

Upon completion of this project you will be able to:

Determine dry bulb temperature, wet bulb temperature, and compute the wet bulb
depression.

Standard of performance

The standard of performance of this project is 100 percent completion, errorfree.

EQUIPMENT .1r

Basis of Issue
WB 3AZR54550-2-III-1-P1 1/student
Sling Psychrometer 1/12 students
Chart, Psychrometric 1/student
Ductulator 1/student
Pen or pencil 1/student

Using sling psychrometer to determine wet and dry bulb temperatures under vary-
ing conditions following instructions below.

1. Using a sling psychrometer, wet the wet bulb thermometer and rotate the psy-
chrometer rapidly until the reading on the wet bulb thermometer reaches the
lowest point and stabilizes (about 30 seconds).

2. On the following chart, record the reading from both the wet bulb and dry bulb
thermometers. Determine the wet bulb depression of the problem.

DRY BULB WET BULB
TEMPERATURE TEMPERATURE WET BULB DEPRESSION

1
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Determine the wet bulb depression L.f the problem.

DRY BULB
TEMPERATURE

WET BULB
TEMPERATURE WET BULB DEPRESSION

85°F /75°F

80°F 74°F

78°F 72°F

92°F 85°F
75oF

68°F

3. Aaswei the following questions:

a. Why does the thermometer with the wet wick indicate a lower temperature
than the dry thermometer ?

b. When using the sling psychrometer, the difference between the reading of the
wet and dry bulb thermometer is called



Departrx}ent of Civil Engineering Training WB 3AZR 54550-2 -III-1 -P2
Sheppard Air Force Base. Texas

AIR CONDITIONING PROCESS CALCULATIONS

OB4CTIVES

Upon completion of this project you will be able to:

1. Plot given or measured air conditions op a psychrometric chart to determine
the other properties of the air.

2. Use reference tables and a load estimate form to determine the sensible,
latent, total hourly heat load, and the sensible heat ratio of the heat load.

3. Determine the final condition of airs being mixed together in different
proportions and of different original conditions.

4. Determine the supply air condition and volume required to remove the
hourly sensible and latent heat loads in order to maintain room conditions.

5. Use air flow balancing instrument to balance the air flow volume to the
rooms of the building.

6. Adjust the air volumes to meet the specifications.

Standard of perforMnce

The standard of performance of this project is 100 percent completion, errorfree

EQUIPMENT
a

)

Basis of Issue
WB 3AZR54550-2-III-1-P2 1/student
chart, Psychrometric 1/student
Sling Psychrometer 1/12 students
Ductulator 1/student
Pen or Pencil 1/student
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PROCEDURE:

PART I

TERMINOLOGY

Using the list of terms and definitions listed
ing definition on the line provided after the term.

1. Dry Bulb Temperature A.

2. Wet Bulb Temperature

3. Relative Humidity

4. Dewpoint Temperature
(Saturation)

5. Grains of Moisture
(Specific Humidity

6. Heat Content

T. Standard Air

C.

D.

E.

F.

B.

G.

4

;,.

below, place the letter of correspond-

The ratio of the amount of moisture
in the air compared to whst it could
hold at the same temperature.

The ambient air temperature and is
read on an ordinary thermometer.

The temperature at-which moisture
condenses from the air.

The temperature at which air ceases
to be cooled by evaporation.

The amount of heat in the air,
measured in Btus.

One pound of dry air at 70 degrees F.,
which occupies 13.34 cubic feetand
has a specific density of .075 at at-
mospheric preSsure of 14.7 psia or
0 gage, at sea level.

The amount of moisture in the air
measured in grains.
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PARTICI

PLOTTING AIR PROPERTIES

1. Supply all missing values, using the Psychrometric Chart furnished by the

instructor.

DB WB RIT DP Gt./ lb FIC

1 72F 59gr

2 61F 45%

3 85F 60%

4 68F 24F

5 71F 39 gr -

2. Under saturated conditions, how much more vapor can 60°F air hold than 30°F

air?

3. A room air conditioner was started when the temperature was 75°F and the

relative humidity (RH) was 70 percent:

a. How much moisture did the air contain?

b. After three hours of operation, the te4perature was 70°F and RH was %

50 percent.

c. How much moisture had been removtd?

4. A homeowner complains of dryness from his hot air heating system. When checked,

the DB temperature was.720F and the WB temperature was 480F.

a. What is the relative humidity (RH)?

b. How much moisture must be added to the system to bring the RH up to

50 percent?

a

Have the instructor check your work.

5
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'swore

PART Ilk-^

HEAT LOAD ESTIMATING

INSTRUCTIONS

Use the information from the following survey and the building diagrain to esitimatethe heat load on the following load estimate form.

LOCATION LAT. DESIGN CONDITIONS DB WB GM

DATE BLDC ORIENTATION OUTSIDE

BUILDING DEMENSICNS: 46' X 25'X 12' (L, W, H) INSIDE

BUILDING USKGE: Normally occupied by
20 students and instructors. DIFF. XXXX

HEAT LOAD SOURCE Sensible Latent Subtotal

SOLAR HEAT GAIN
SQ FT X FACTOR = BTUS

N. glass X

E. glass X

S. glass X

W. glass X

.111
WALL HEAT GAIN

SQ FT X FACT X TD = BTUS
N. wall X X

E. wall X X

S.. wall X X

W. wall k X

Floor X X-
Ceiling X , X

Roof X X
f*SIR**

6
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VENTILATION AND/OR INFILTRATION

1. Sensible:

2. Latent:

x x 1.08
cfm 7f-d-

x x .68
cfm gr. moi.

diff. ,

INTERIOR

1. Personnel no. people x Btu, =

x

x

2. Equipment

BTUS
I

Lights x 3.4
watts

Motors x 3393
horsepower

Appliances (see table) *actual
values ind.

-

SENSIBLE HEAT GAIN TOTAL

LATENT HEAT GAIN TOTAL

TOTAL BTU HEAT GAIN

BTUH ,
TONNAGE REQUIREMENT 12,000 BTUH
COMMENTS:

_
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1 120W f

I 120W 1

1 120W i
I I

)

LOAD ESTIMATE SURVEY

BUILDING LOCATION: DALLAS, TEXAS

BUILDING ORIENTATION: SQUTH
i

BUILDING CONSTRUCTION:

FLOOR SLAB (CONCRETE)

WALLS COMMON BRICK (MASONRY) 8 in. thick plus 1 in. insulating
board on the inside walls.

; ROOF FLAT, 3 in. WOOD DECK, built-up roofing and 1 in. insula-
t; tion on top of the deck; 3 in. fiberous insulation inside

deck.

CEILING CEILING AND ROOF ARE TH1 SAMEf-:

t,

DIMENTIONS AND DETAILS:

4 SHOWN ON ATTACHED BUILDING DRAWING.

4 X 4

WEST

NORTH

46 FT

4 X 4

I 120W I

WORK SHOP

4 I

4 X 4

1 120W 1

ISUPPLY

0100W

ROOM

i

CLASSROOM

120* I

CLASSROOM ,

I
LATRINE 1 2 GAL.COFfEE URN

0 100W
( 2 EA.)

I 150W 1--- )---I

3 X 7

ADMIN. OFFICE

'sow 1

3 X 4 3 X 4

SOUTH

8

EAST

/5 FT

1
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PART IV

DETERMINING MIXTURE CONDITIONS

Given a psychrometric chart and specific conditions relating to a given air-condi-
tioning system, determine the heat load and tonnage of the system

Instructions to the Student:

Using a psychrometric chart and the below listed problem, plot the given informa-
tion and make the necessary calculations to satisfy the problem.

Problem: An installation has a total air quantity of 10, 000 cfm. The return air
quantity is 8, 000 cfm and the outdoor air quantity is 2,000 cfm. Return
air is supplied at 80 degrees dry bulb temperature and 62 degrees wet
bulb temperature. Outdoor air is supplied at 90 degrees drv bulb tem-
perature and 80 degrees wet bulb temperature. Find the mixed air
temperature. Coil air is supplied at 45 degrees wet bulb temperature
and 90% relative humidity. Find the total, sensible and latent heat of
the air, the apparatus dewpoint of the coil, and make the calculations
for coil capacity and bypass factor.

Procedure For Finding Mixed Air Temperature:

1. Plot the return air and outdoor air temperatures.

2. Draw a,line between the two intersection points.

3. Determine the percentage of return air used by dividing the total return air
quantity by the total air quantity.

4. Determine the temperature difference between the dry bulb temperatures
of the outdoor air and return air.

5. Multiply Ihe dry bulb temperature difference by the percent of return air.

6. Subtract the answer in SteP 5 frol the outdoor air dry bulb temperature.

7. Plot this temperature on the chart, extending up the dry bulb line to the line
drawn in Step 2.

9
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PART V

AM VOLUME REQUIREMENT

Using heat load formula, determine the volume of air needed to condition a mini to
a specified temperature.

NOTE: The specified conditions and the hourly heat load for each room are shown
on the building blueprint below.

FORMULA: CFM = ROOM HEAT LOAD (Btu)
I. 08-3C TD

NOTE: This formula will determine the CFM needed to handle_the HOURLY HEAT
LOAD of each room.

DETERMLNE THE CFM REQUIREMENT FOR EACH ROOM.

Using the specified conditions and,given formul'a, compute the CFM requirement
for each room.

ROOM A.

ROOM B.

ROOM C.

ROOM D.

ROOM DESIGN CONDITIONS Based on
the previously accomplished load estimate.

DUtT SIZE Depends on tti6 cost and the
acceptable noise level in the space.

II 400 BTUH

DIFFUSER

ROOM A

IND

FAN UNIT

OR
1---

FURNACE

ROOM 8

6 SOO BTUH

DIFFUSIR

ROOM C 'ROOM 0

0 6 300 BTUH

DIFFUSERS

ENTRANCE

10
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PART VI

DUCT SIZING

INSTRUCTIONS

521

Individual- runs pf duct will be run from the supply air plenum to the outlets, there-
fore each duct will be sized individually.

Use a -Ductulator or chart to determine the size of duct that will carry the correct
volume of air to the outlets without causing air noise above the acceptable level.

---..._.-

,

1. Fill in the chart shown below as to velocity, volume, and duct sizes.

ROOM C FM VELOCITY MAIN DUCT BRANCH DUCTS

FAN UNIT 4
ROOM A

_

ROOM B

ROOM C
)

,

.

. ROO I D long,
.

,

1 ROOM D short
1

2. Have the instructor check your work.

--- Checked by

11

5 1

(Instructor)
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PART VII

AIR F ANCINGINSTRTENTS

Determine air velocity and volume by using specific airflow instr ents.

NOTE: The instructor will show you where the velocity r dings should be ,taken.

-

iUSLNG MANOMETER AND PITOT TUBE

1 Ccnnect the manometer and pitot tube for measuring velocity pressure in the duct.
r)

What is the velocity pressure (VP)?
H2O.

9 Calculate the FPM.

a. FPM = 4005 X li-7117
Aolf f

b. FPM = 4005 X

c. FPM =

3, Measure the width and height of the duct.

a. Width =

b. Height

0 f

-.0

c. Area in sq in. = W X H . sq in.

d. Area in sq ft = area in sq tn. ,... 144 sq in. = sq ft.

5.

Figure the CFM.

a. CFM =

b. CFM =

From the table

Velocityessure

FPM X duct area (DA) in sq ft.
r

X =

belov:7, compute the data using the formulas listed in items 2 -4.

DFct Size Duct Area FP1A CFNI

1. . 25 12" X 24"

2. .36 42" X 36"

3. .16 12" X 18"

4. .46 36" X 48"

5. :09 12" X 12"

Checked by
(Instructor)

12

53-0
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5
USENG THE ANENIOMETER

1 Measure tne height and v.:dth of the duct.

a. He:ght

0 V. idth

C. Area in so in. W X H sq in.

Area in sq Ii. .Area m sq in. -4-144 sq in. sq ft.

9 Diide the duct area into equal 6" square areas.

%%Atli

Heignt

X H
equal 6' squares.

6" squares.

6" squares.

. 0'

Total

To :Ind elapsed time you will have to take a reading of 10 seconds at the center of
each 6" square.

d. Elapsed time = No. 6" squares X 10 seconds= seconds '

Elapsed ttme is seconds.

3 Using tne anemometer to measure hnear feet.

a. After completing the measurement of the air. read the linear feet.

The ;eft dial reads

f21 The right-dial reads

Th entral dial reads

i4) What is the anemometer reading

4 Convert the anemometer reading to FPM.

a. FPM = AR X 60 ET

FPM = X 60= -4-

ET -

c. FPM =

13

55



5. Determine the'CFM

a CFM = FPNi X DA

b, CFM = X

c. CFM =

6. From the table below, compute the data using the formulas in steps 1-5.
Anemometer ElapsedReading Duct Size Duct Area Time FPM CFM

1350 42- X 12"

2 889 24" X 12"

3 1350 48" X 12"

4 1200 24" X 12"

5 1500 30" X 18-

Checked1P

USING THE VELOMETER

1. Attach testing probes to velometer.

2 Use the lorneter to find the FPM.
You will Kave to average the readings.

a. eading 1 e. Reading 5

b. Reading 2- Reading 6

c Reading 3 g. Reading 'I

d. Reading 4 h.
,

Reading 8
<

Total of readings a through h =

Number of readings =

Average of readings = Total Niimber

FPM

{Instructor

I.

52



3 P Fiz 4ure the

a :n :nches

Dur

DA

DN

-ches

,

sq in ÷ 144 sq

sq (in. 144 sq in. =

4 Fizure the CFM

a. CF\1 F:):1 X DA

CFM

CFM

From the tabie be!ow, compute the data using the formulas in steps 1 thrOugh 4.

Vetometer A.:erate
Read:n:4 Duct Size Duct Area FPM CFM

1 500 -12" X 12"

9 750 12" X 18"

3 1000 18" X 18"

1'620 24" X 24"

5 2400 36" X 36"

1280 24" X 30"

Have :he instrucvir eheck %our work.

5

Checked by

15

(Instructor)

.1
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-c

Questions-

1. What is the purpose of a velometer''

2. When using a manometer to measure total pressure, the total pressure may

be found b, adding the velocity pressure and the pressure.

3. la the
;-x',c-iire below the anemometer is indicatingt-

tert A air racs-.ement.

80

Is

linear
,

50

Checked by

16

20

553

(Instructor)

1

53

b-
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PART VIII

MR ELM f3ALANCING (GENERAL PROEDURP

Utilize a meth«d :«r balancing airflow to meet the'requirements as determined
previousk .

NOTF. rit eil(n (,tr,r will,be used to measure the airflow

/----N\.. and ru,,rn diffusers to obtain maximu.m airflow.

2 Check and list iheCFM requirements as determined for each room.

A B. C. D.

3 Determine w<istin:.; CFN1 to each of the rooms.

A. B. C. D.

535'

4 Adnist balancint: dampers to obtain the airflow that is closer to the requir2d CFM.

NOTE This step n,ust be repeated several times because each damper adjustment
affeci 'he :,(rflow to th otner rooms.

List. the CFM as -ou make a round of adjustrnents.

A. B. C. D.

(3. Cunt mue n,akinit adjustments until the required CFM is obtained for each-room.

List your final results.

A. 13. C. D.

17
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Department of Civil Engineering Training
Sheppard Air Force Base. Texas

OBJECTIVE

WB

OPERATE AND SERVICE WINDOW AIR CONDITIONING

I pon compk ton ,t this project you will be able to:

Iticnt it% n aior components and trace refrigerant and air flow through a
window air conditioning unit.

9 Perform preoperational checks of window air conditioning units.

3. Operate winclo).% air conditioning units.

4 Troubleshoot window air conditioning unit malfunctions.

5 Service window air conditioning units.

a.tioar-i of performance

The ,tandar ,)criormance for this project is 100 percent completion. errorfree

OLIPNli- NT

W 13 3 A ZR 54 550 -2 411-2 -P1
Trainer. Window a.ir conditioner
Pen or pencil'

Basis of Issue
1 student
1 2 students
1 student

PROCEDURE

1 Locate the follovdng units:

a. Fan motor ,f Air filter

E vaporator fan g., Thermostat

Condenser fan h. Selector switch

Evaporator i. Metering device

e. Condenser j. Comressor

19



Fill in the blanks:

a. Compressor: phase

running amps

b. Evaporator fan motor hp
40

running amps

n4-7

, voltage

and compressor capacity

c. Manufacturer of unit

voltage

cl. Charge lb of refrigerant

e. Test presSwe psi low side, psi high side.
3 Start at the compressor and trace the flow of refrigerant through the system.
4. Start at the filter and trace the flow of air through the system.

5. Perform preoperational checks

a. Disconnect the power card.

Remove cover.

c. Check fans for freedom of movement.

d. Check security of mounting of components.

e. . Inspect filter.

6. Operation.

a. Be sure that the thermostat is in the OFF position.

b. Plug in the unit and }urn the-blower to LOW FAN.

c. Allow the fan to operate for 30 seconds.

d. Turn selector switch to LOW COOL:

NOTE: Compressor may not operate due to low ambient temperature.
Adjust thermostat to bring compressor on.

Allow compressor to operate, for approximately three minutes.

Determine supply air temperature

1
degreeS.

h. Turn selector switch to HIGH COOL and operate for ap:,roxirn'ately threelainutes.

0.



1. Determine supply air temperature degrees.

Turn selector switch to OFF,

NOTE. Wait at least two minutes before attempting to restart.

WHY?

Unuluiz unit

Tratble thatznosis

a. Imufficient coohne:

Pr)bable causes

(2) Remedy

Compressor will not start

Probable causes

or (2) Rernecl.

, '

S.

21



c: -Fan motor will not operate.

0) Probable causes

(2) Remedy

Use diagnostic chart to check window unit for common malfunctions.
e. Installfmanifold gage assembly and.check system for abnormal low and highside pressures and indications of restricted refrigerant lines.

8. Inspection, Maintenance, and Installation
a. Inspection

NOTE: All power OFF.

(I) Unplug power cord.

(2) Check fan bearings for lubrication.

(3) Clean or replace filter as necessary.
(4) Check unit for,cleanliness, clean if necessary.
(5) Check condition of evaporator and condenser fins, straighten ifnecessary,

b. Maintenance and Installation.

. (I) Servicing and replacing fans:

(a) Check direction of rotation.

(b) Check and plean blade to assure design airflow.
(c) Replace damaged fan with one that moves same air volume.

22



1 How does incorrect air volume affect the syslem
_ performance.'

-

: (

2 Will a higher fan speed overload the motor?

3 What should ).* considered when replacing the fan motor?
_

c. Window unit installation:

(1) The back of the unit should be 1/2 - 1'4" lower than the front to allow

,.

(2) If the power cord that is supplied with. the unit is not long enough,

what precaution should be taken?

(3) What type poyer receptacle would be used with the following voltage

-and amperate ratings?

(a) All 115v units

(b) 208-230v. 0-12 amps
f

(c) 209-230v. 12.1-16 amps,

NOTA In accordance with National Electrical Code, the maximum allow-

able current on a 15-amp circuit is 12 amps. Normal ratings for 115v air

conditioners will not exceed 12 amps.

23

559
11

I.

r
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(4) In reference to the above note, why are window air conditioners
connected to a separately fused circuit?

d. Charging Procedures:

NOTE: All power OFF.

(I) Data Plate Information. Type of refrigerant

(

voltage . FLA

charge

k2) Evacuate system, inches of vacuum

(3) Add refrigerant to minimum pressure of 60 psi.

, amount of

(4) Leak check system. Leaks: YES NO

NOTE: Turn power ON.

(5) Start unit compressor and monitor the pressures,

(61 Restrict the condenser airflow so as to create a discharge pressure
equivalent to outdoor conditions. (This will simulate actual operating
discharge pressures and cause correct refrigerant flow through
capillary tube.)

(7) 'Continue to charge until a 40-degree evaporator is reached.
(CAUTION: If entering air is below 80 degrees, a forty-degree
evaporator may not be-reached without overcharging: )

(8) Pressures psi high side psi low side.

NOTE: Pressure on high side should still be equivalent to outdoor
conditions plus thirty degrees heat of compression.

(91 Check running amperage
low entering ir ternperat

101 What is the temperature difference?

FLA. ,(This mai be low due to

(Normal temperature difference is twenty degrees. )

Checked by

24 56,)

(Instructor)
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Department of Civil Engineering Training
Sheppard Air Force Pase. Texas

WB 3 AZR 54550-2 -III -2 -F2

OPERATE AND ELECTRICALLY TROUBLESHOOT
RESIDENTIAL AIR CONDITIONING

OBIECTIVE

Upon completion of this project you will be able to:

1 Perform preoperational checks of residential units.

2 Operate a residential unit.

3. Perform shutdown of a residential unit.

4 Troubleshoot residential air conditioning unit electrical systems.

.titandard of performance

The standard of performance for this project is 100 percent completion, errorfree.

EQUIPMENT

Basis of Issue
WI3 3A ZR 54550-2 -III -2-P2 1/student
Trainer, residential air conditioner 1/12 students

PROCE DURE

1. Perform preoperational check.

Cooling cycle.

(1) Check power source. ketf

NOTE. Crankcase heater muSt be in operation at least' 12 hours prior to
operation.

(a) What is the function of the crankcase heater?

(2) Heat-Cool switch OFF/

(3) Turn gas supply valve OFF. NOTE: The gas supply is left ON when
the heating-cooling system features automatic changeover. '

(l) Check return air grille and filter for obstructions and cleanli'ness.

t5) Check condenser fins for obstructions.

25
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b. Heatkg cycle

.li Heat-Cool switch OFF.

2 ) Turn main gas supply ON.

3; Check for gas leaks.

.4 Check flue for obstruct.ions.

Light the pilot.

.

16 Check return air grille and filter for obstruction and cleanliness.

2 Perf,)rm starting procedures

Select heat or cool

Select fan automatic or manual position

c. Set thermos;at for desired temperature.

d. Cneck operation of system.

3. Accomplish operational cheCks.
eg

a. Observe burner flame and ad3tist accordingly if in heating.

b. Observe refrige.rant sight glass if in cooling.

c. Check unit for unusual noise or excessive vibration

4.

d. Check supply air for proper flow and air chstribution.

e. Check wet bulb and dry bulb ternperature of supply air.

Accomplish shutdown procedures.

a. Turn heat-pool selector switdh to OFF.

b. 'Turn main ?.;as valve OFF.

p

4

r`^".

26-
5.-1
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C.zing diagram rirlow. Idenufy the components controlled by the thermostat

at..cor(1irw to c;)1,)r coded wiring

r-

L.1.126,J

Int ATiNG

t
'4./~/-1 AC: .fA'

7,4E:14(C.ST A,

Yre. SUB-SASE

1-1 I

I Sot -C.

-0
CONaV*SER

LINO'

Low Voltage Thermostat

a. Terminal G.
-

b Terminal Y.

c. Te rin ma;

27
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e 6 Complete the following wiring diagrams.

T

COOLING
ANTICIPATOR

AUTO

FAN SWITCH

ON

THERMOSTAT

G R Ws

FAN RELAY

COOL

SELECTOR SWITCH

TRANSFORMER

FAN SWITCH

AD.I HEATING
ANTICIPATOR

HEAT

26V TO CONDENSING UNIT

26V 70 CONDENSING UNIT

GAS VALVE

PILOT LIGHT

LIMIT SvvrTCH

Lf noy

Heating;Cooling Thernitotat Wiring

28

5C4



6

AN
riE-a

'..*E05

0

.---,

C4M .00Z

/.

ANST OQI4E

L..

1

0
0

CONDENSING UNIT

S*

Furnace and Condensing Unit Wiring

\. 2'9°

5 ,
C.)

'20 vott

P

f

cr
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4,
,

7 Use the following wiring.diagrani and list of symptoms. with meter readings, to
identify the problems.

SYMPTOMS METER READINGS PROBLEM
,

Control relay inoperative
thermostat closed

24V ac across control relay,
OV ac across thermostat

Control relay inoperative HP control OV ac,
LP control 220V ac

..
.

Unit will not start Y to C OV ac,
R to C 24V ac

Unit hums, cycles on
overload

Relay contact 2 to 5-10 ohms
start cap 0 ohms

Unit stays on start
winding

Relay contacts 1 to 2-0 ohms,
2 to 5-infinity ohms .

Unit runs hot All voltineter and ohmmeter
readings OK

Comp noisy on star.t I
up but runs quiet

p All OKreadings seem
...

Unit will not start LI to (1M420V ac, HP and
LP control to ground 110V
ac, control relay 22OV ac

*

*

Checked by

30

(Instructor)
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k.,f

L_ _

BLUE

Bl ACK

AN

BLUE
REP

RE

2b 2 4
Vol 15

47t

II
okA'NGE

--0-0-0
CONTROL
RELAY

ill Ak

AN MOTOR

rONT ACTOR

HP

BLACK

LP

THE RMOST AT

BL ACK

START
C APAC !IOW

Figure 2. Condensing Unit Wiring

56'7

BLACK

BLACK

COMPRESSOR\C

BL ACK

7.

RUN
CAPACITOR

CRANKCASE
HEATER



Department at Civil Fngineering WI; .;

Sheppard Air Force Base. "l'eas.

CENTRIFUGAL REFRIGERATION COMPONENTS AND CYCLE

OBJECTIVE

Upon completion of this project you will be able to:

I Identify major components of a centrifugal machine.

9 Plot the flou of refrigerant through a centrifugal machine and determine the state
oi the refrigerant through each component.

Standard of performance

WB
Trainer. 100-Ton centrifugal
Pen or pencil

PROCEDURE

Basis of Issure
1 student
1 12 students
1 student

1. Refer to the following schematic and use the following letters to identify the major
components.

a. Condenser

Economizer

c. Evaporator

d. Compressor

Suction damper

Economizer vapor line

g- hot gas bypass

33

568



4\1/4t C'.g4(Cra <faatatfera

Centrifugal Machine Schematic

5i;
I.

A

thm-015



2 Refer to the schematic, and with the following color code; trace the flow of

refrigerant through the centrifugal system.

a. Low pressure vapor "light blue

b. Low pressure liquid dark blue

c Huth pressure vapor light red

d. High pressure liquid dark red

e. Medium pressure vapor light green

f. 'Medium pressure 1 uid dark green

57u
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Department of Civil I ngpieering Training
Sheppai d Air Force Da-,e, Texas

cENTRIFUGAL REFRIGERATION CAPACITY CONTROL

OBJECTIVES

Upon completion of this project you will be able to:

I. Locate and identify the types and individual components of a centrifugal machine

capacity control system.

2 Giye the functions of the. control system components.

3. Explain the operation of the actual control system.

Standard of performance

The standard of performance of this project is 100 percent completion, errorfree.

WB 3AZR54550-2 -III -3 -P2

EQUIPMENT

WI3 3A ZR 54550-2 -In -3 -P2
Trainer. Air Conditioning, 100 ton centrigugal
Pen or pencil

PROCEDURE

Basis of Issue
1/student
1:12 students
1 istUdent

PART I

METHODS OF CAPACITY CONTROL ON CENTRIFUGAL MACHINES

INSTRUCTIONS

Answer the questions that follow by filling in the blanks.

1. What method of capacity control is used on open types of centrifugal machines?

List the nietliods of speed control used-with centrifugal machines.

3. What is the most common method of,capacity control used on hermetic centrifugal

machines'

)

4\1.
37

5%1.1



4. List the methods of refrigerant flow control.
1,..

a.

b.

5. What method of capacity control will reduce the machines cooling capacity below
40 percent without requiring the use of hot gas?

6. Which method of capacity control requires the most power input to the machine at
any reduced load?

7. Which method of capacity control is the most economical at loads above 40 percent
capacity.'

8. Which method of capacity control features a corresponding reduction in power
consumption as the capacity control system redis_les the machine.capacity below 40-
percent lpad.

9. When the suction damper.or the inlet guide vanes start closing, does the refrigerant
gas volume entering the compressor inlet, for a given load, increase or decrease?

EXPLAIN:

10. What happened to the specific volume of the gas as ,it leaves the damper or inlet
guide va'nes to enter the compressor?

..,

.0



a:;At-

11. What happens to the mass flow rate of the refrigerant when either the damper or

inlet guide vanes move toward the closed position?

,

)

, 39

573 .
Co

-

J

N,te)

t



-I

PART II .

CENTRIFUGAL SYSTEM TRAINER CAPACITY CQNTROL SYSTEMS

1. SUCTION DAMPER SYSTEM .

INSTRUCTIONS: Identify the components of a capacity control system as shown in
the diagram below and then give the function and ovteration of each of the components.

,

A

AIR SLPPLY () 0

Components

a. (Yunction)

) B

A
SHUT OFF VALVE

(

-

r

(Operation)

----

b. (Function)

h

,

(Operation)

\
40

2

57 1

,

I

4.

/



c. kFunction)

(Ope rat ton )

ci. (Function)
4

01

(Operation)

2. HOT GAS BY-PASS SYSTEM

INSTRUCTIONS, Identify the components of a hot gas bypass system as shown th

the diagram tha: follows and then give the, function and operation of each of the

components.

Supply Air Line

-

41

.

To the Hot Gas Mechanisms



it.

)0000000000000000oooo
..

Automatic Hot-Gas BYPASS System
a,

42
/ ,576



Components

a. (Function)

(Operauon)

b. (Function)

(Operation)

c. + Function)

+Operation)

d. :Function)

r

43

5 717



(Operation)

44
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Department of Civil Engineering Training WB 3AZR54550-2-111-3 -P3
Sheppard Mr Force Base. Texas

TROUBLESHOOYING CENTRIFUGAL SYSTEMS

OBJECTIVE

Upon completion of this project you will be able tcr

List the:possible ,cause and give the remedy for centr;fugal system failures.

Standard of performance:

The standard of performance for this project is 100 percept completion. errorfree.
1

EQUIPMENT

WB 3AZR54550-2-III-3-P3
Pen or pencil

PROCEDURE

Basis of Issue
1 studen,t
1 student

In the spaces belov. list at least one cause and remedy Iv the given problems.

1. Trouble - High oncienser Pressure

Cause

Remedy
1"N

2. Troup le - Chilled Water Temperature Too High

Cause

'Remedy

L3. Trouble s Chilled Water Temperature Too \ow

Cause

Rernedv

4. Trouble - Condenser Pressure TocS Low

Cause

Remedy

45
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5. Trouble - Oil Temperature Too Low

Cause

Remedy

6. Trouble - Oil Temperature Too High

Cause

# Remedy ...,',-.

7. Trouble - Purge System Inoperative

Cause
,

Remedy

1

8. Trouble - Excessive Refrigerant Loss

Cause

Remedy

9. Trouble - Compressor Will Not Start

Cause

Remedy,

Checked by

t

46
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(Instructor)
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Department of Civil Engineering Training
Sheppard Air Force Base, Texas

ABSORPTION REFRIGERA'TION COMPONENTS AND CYCLE

Q402
WB 3AZR54550-2-III-4 -P1

OBJECTIVE

Upon completion of this project you will be ,able to:

1 Identify major components of an absorption system.

2. Locate the major components of an absorption machine.

3. Give the function of all required components, pumps. lines, and accessories.

4. Trace the cycle of system fluids flow

Standard of performance

The standard of performance for this project is 100 percent completion, errorfree,

EQUIPMENT

WB 3AZR54550-2-III-4-P1
Pencils, set. colored

PROCEDURE

Bagis of Issue
1,'student
1/student

1. Using the schematic diagram below and the list of components, write the number of
the component in the parenthesis next to the name of the component and state its
function.
( ) Evaporator

( ) Absorber

, ( 1 Condenser

( ) Refrigerant Pump

t ) Heat Exchanger

( Ynteam Lines

( ) Decrystallization Line

( ) Absorber Pump .fr

( ) Flush Line--
( ) Purge Chamber

( ) Generator Pump

47

. 581
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C-MA-029'

Absorption System'

48



,
2 Using the following color code trace the flow of lithium bromide, refrigerant and

other solutions through the system.

a. Condenser water - blue

b. Steam - Red .

c. Refrigerant - Green

d. Strong solution - Yellow.

e. Weak solution - Yellow 'Green

3. What is the purpose of the flush line?

4. What is the purpose of the heat exchanger?

5. What is the purpose of the condenser water bypass valve?

#

-

Checked by
(Instructor';

49
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Department of Civil Engineering Training
Sheppard Air Force Base, Texas

OBJECTIVE

Cao
WB 3AZR5455-02-III-4-P2

SERVICING ABSORP ION SYSTEMS

Upon cqrnpletion of this project you will be able to:

1. State the procedures forperforming a standing vacuum test.

2. State the procedures for performing a running vacuum test..

3. State the procedures for performing a leak test.

, 4. State the jirocedures for charging refrigerant and absorbant.

5. State the procedures for determining the solution Concentration.

Standard of performance:

The standard of performance for this project is 100 percent, errorfree.

EQUIPMENT

WB 3A ZR54550 -2 -III-4 -P2
Pen or pencil

PROCEDURE

1. Refer to vacuum indicaVor drawing.

Basis of Issue
1/student
1/student

2. To determine the qualig_f the_maelyine" acuum,you must- log the
NJ(

reading. st.

3. This test requires a hour waiting period.

4. The maximum rise in pressure allowed is above the previous

reading.

e,

51



JP/

MANOMETER

Vacuum Indicator

0
1

2
3
4

6
7

8
9

1 0
1 10
1 20

TAKE THIS
READING

AND
PLOT ON

T P CHART

5. Refer to the following drawings to answer questions no. 6 throiLgh 16.

6. On the left is a picture of a

7. On the right is a picture of a'

8. To determine the quality of the vacuum, two things must be known; the ambient

and the present reading.

9. The maximum allowable pressure above the curve is of one inch of

vacuum.

10. The curve on the P-T chart represents the correspOnding increase in pressure for

each increase in'
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22. To use this chart, we must know the temperature of the refrigerant leaving the

and the temperature of the

leaving the

23. With a leaving refrigerant temperature of 1100 and a leavfng solution temperature of

1700. the solution concentration would be percent.

24. With a leaving refrigeraV temperature of 700 and a leaving solution temperature of

f\

175° we can expect the lithium bromide solution to be

25 If the leaving solution temperature was 1600 and the condenser water was too cold

causing the temperature of the refrigerant leaving the condenser to be 750, the

solution,would be
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Department of Civil Engineering Training WB 3AZR 54550-2 -IH -4 -P3.
Sheppard Air Force Base. Texasiq,-

ABSORPTION ELECTRICAL SYSTEMS

OC.T4VE
L. Upon completion of this project you will be able to:

1. Schematically draw the control and load circuits of an absorption machine.

41:. -2. '' Name the components of the absorption machine electrical system.

Szandard of perf'Jrn:ance
4 Me stanoara of perf)rmance for this ptoject is 100 percent completio . errorfree.

EQUIPMENT

WB 3AZR54550-2-IU-4-P3
Pen or pencil

PROCEDURE

I. Refer to tne schematic diagram below

9 Identif% 'the iel.f.s.::-.1 components:

(11

(2)

Basis of Issue
1 student
1 student

3. Draw Lines connecting all components ,in the Line Voltage Circuit.

4, Draw line's connecting all components in the Control Voltage Circuit.
/

5 Have th'e instructor check your work.

37
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CONTROL VOLTAGE

LS-I

7.

G).

C) S-2

G] 21.5V-2

LINE VOLT AGE

kiTC

".""...

MAIN
AIR

C

LS-4 LS3
T2--.

I
©

LS 2
PE FS

COOLING CONDENSER 1
TOWER FAN PUMP

0S-1 SV I

D BRANCH AIR

T-1

8
S/S

CHILLED WATER
PUMP

8 0

. Checked by

5"4..) ,,

STE AM VALVE
c-_,).s.

IP.

(Instructor)
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Department of Civil Engineering Trnining
Sheppard A r Forre Base, Te Nag

OBJECTIVE:

/
W13 3AZR54550-2-111-4-p4

A 1.1,SOR P riON S S'TENI CA PACt t.oN rut ),..s

Upon completion of this project you will be able to adjust and calibrate the Honey-

well RP 908.1 controller and LP 914A sensor capacity control system.

Standard of performance:

The standard of performance for this project is 100 percent completion' and adjust-

ment of the capacity control system to an accuracy of :40F.

EQUIPMENT

\VB 3A Z R 54550-2 -III -4 -P4
Trainer. Refrigeration Controls
Controller RP 908A
Sensor LP 914.1

PROCEDURE

Basis of Issue
1 student
1 2 students
1 2 students
1 2 students

PART 1

.Aocornplish all preoperational chcecks listed prior to operating trainer.

1. Preoperarional checks

a. Close all air line valves. \

b. Check Master Switch for ON position.

c. Check Air Compressor Switch for ON position.

2. Connect the control loop astshown on following page.

a,

59
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SW'TC-4ES

C ; A/C 2

1 I I I t

THERMOMETER
GRADUAL SW TCm
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mOT ArR
AIR

I ----1 !
1- t

!

24 vOLT JACKS 40..../1

Q
-0GH PRESS

AIR

COLO AIR

PNEUMATIC
VALVE

Cri LP-914

DAMPER OPERATOR

3. Remove cover from controller.

4. Apply 20 psi supply pressure.

PART II

Operation

1. Turn the fan, a c and heater switches ON.

2. Observe the branch line gage./

a. Did the pressure increase or decrease 9

_

b. Is the controller direct ar reverse action"' action.

c. How can its action be changed 9

60
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d. Find the ambient temperature of the sensor.

Sensor temuefture oF.

e. Using the pneumatic temperature chart that follows, what pressure

should Port No. 1 be indicating?

3. Turn the heater, fadand a,'c switches OFF and allow the temperature at the

sensor to stabilize.

PART III

CALIBRATION

Determine the action

a. For what action is the controller set?

b. How can the action be changee,

Set the controller for direct action.

NOTE: The two attion springs are Mt disconnected when controller is
adjusted for direct action. Springs are connected for reverse action.

3. Adjust the proportional band 8etting for 10 percent P.B.

NOTE: The main level whichhas the P.B. adjustment knob has two P. B.
scales. One scale is for direct action and the other for reverse action.
When adjusting this setting, be sure the proper scale is used for the action
the controller is set for.

When the P.B. setting is 10 percent. what is the throttling range of this
controller, having a 50 to 100°F range? oF

4. Check the proportional band spring.

NOTE: This spring is conneoted to the main lever when the proportional
band setting is 15 percent and above.

With a proportion-al band setting of 10 percent is this spring connected?

'5. Turn the set point adjusting screw to obtain 8 psi branch line pressure.

NOTE: In the field, the branch line pressure would be adjusted to the mid-
spring range of the conrrol device.

62
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PART IV

PROPORTIONAL BAND CHECK

1. Turo the set point adjusting screll until 3 psi branch line 'presure is
obtained.

A

9 Note the temperature setting on dial.
oF.

,

3. Now, turn the set point adjuseing screw until 13 psi branch line pressure is

obtained.

4. Note the temperature setting on dial.

Temperature setting
oF.

NOTE: The temperature setting difference obtained with a 3-13 psi branch

line pressure change sholild equal the proportional band setting. (Refer to

answer of question 3 under calibration.)

.5. If the proportional band setting is not correct, then readjust P. B. and

recalibrate controller following calibration step procedure.

6. If the above check,indicates correct adjustment, the pneumatic controller is

in calibration.

7. Turn the set point adjustment to a desired set point value, and the pneumatic
sensor-controller will be in control.

Approved by
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Departmentrof Civil Engineering Training
Sheppard Air Force Base. Texas

OBJECTIVE

WB 3AZR54550-2-1I1-4-P5

TROUBLESHOOTING ABSORPTION SYSTEMS

Upon completion of this project you will be able to:

1. Use a lithium bromide troubleshooting chart.

2. identify conditions, causes, and remedies of absorption unit malfunctions.
Standard cf performance

The standard of performance for this project is 100 percent completion, errorfree.
EQUIPMENT

WB 3AZR54550-2-III-4-P5
Pen or pencil

Basis of Issue
1 student
1/student

PROCEDURE

1. Refer to the troubleshooting chart that follows and complete the statements.

2. Each manufacturer of absorption systems publishes an aid to problem solving.

-This aid is a

3. Troubleshooting charts are usually 'divided into three columns. These columns
are labeled:

4. An improperly set capacity control valve can result in ace condition called

Solidification during operation can happen on absorption systems because of

at the solution pumps.

Air inside the machine can result in two conditions. These two conditions aPe

and

64
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7. A unit ,zolutihed beemisp t1 v,cevss prvcsurv reromnieu -

(led rome(JV IS to

S. A machine sutiditiod during operatnin becAuse tho eiPt.1,1'le. it 'W(' r W.ii e IV:1:o 104'

cold. The suggested remedy is

9. Electrical power was lost just as the dilution cycle wasstarted and the solution

crystallized in the heat exchanger. The cause of solidification according to the

Troubleshooting Chart is

Checked by
(Instructor)
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Low capacity 1. Improper refrigerant
charge.

-

Solution olidifies at
startup.

t\

Crystallization,of
Lithium Bromide
solution during
operation.

r,

2. Air in machine.

3. Solution leaving generator
below 220°F at full load.

4. Capacity control valve
improperly set.

5. Improper purging.

6. Condenser water temper-
ature too high or small
condenser waterflow.

1. Improper purging.

2. Cooling tower water too
cold.

3. Excess steam pressure.

4. Air inside machine.

5.. Poor wetting of absorber
tubes.

1. Air leakage.

2. Seal leakage.

3. Steam pressure high.

4. Condenser water too cold.

5. Dilution cycle lest than
seven minutes.

TroUbleshooting Chart

66

,

1

Check overflow tube.
Remove refrigerant.

Find leak and repair.
Purge the machine.

Raise steam pressure.
Unplug steam strainer.

Reset capacity control
valve to design temper-
ature.

Check operation of the
purge unit.

Reset tower bypass
control. Check pump
operation-Th
,

Check purge operation.

Reset cooling tower by-
pass valve to design
temperatures.

,z.Reset steam regulating
valve.

Purge the machine.

Add alcohol

Check unit for leaks. ,

Close seal tank makeup
valve. Check seal tank
for water loss.

Reset to design._

Check and reset cooling
. tower bypass valve.

Lengthen dilution cycle.
Desolidify.

...

f-13 0

t
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ABSORPTION SYSTEM TROUBLES
.....

In this discussion of absorption machine problem; we will limit the coverage to
the most common areas. Crystallization (solidification) will take up the major portion
of this subject since several common absorption machine, problems result in the
absorbent solidifying. See figure 112

Power Failure

I

When a power failure occurs, the machine pumps stop which set up, the condition
necessary for crystallization. The power failure prevents the machine from going
through a normal dilution cycle. The dilution cycle is a sequence whic es the
weak absorbent solution with the concentrated absorbent solution. T 5 rrii re pro-
duces a concentration that will not crystallize at room temperature. ithout he
dilution cycle, the concentrated solution will cool and crystallize at approxim tely
100°F.

Condenser Water
tiCondenser water is the water coming from the cooling tower. It enters the system

at the absorber. A drop in this water temperature below its normal 85°F can cause
the strong solution to solidify in the heat exchanger. Should the water temperature drop
from 85°F to 55°F, the temperature of the diluted solution going through the heat
exchanger would be too cool. This would reduce the temperature of the strong solution
leaving the heat exchanger to approximately 100°F, thus causing the solution to begin
solidifying. Accurate control is very important for condenser water. A malfunction
in this system will cause not only crystallization but also loss of system efficiency.

ABSORPTION TROUBLESHOOTING CHART

PROBLEMS

1. Litliium bromide
solidifies at startup

CAUSE

a. Condenser water below
designed temperature.

REMEDY
0

a. Reset tower water bypass
valve.

b. Air in machine.
i

b. Purge system.

c. Steam pressure too high c. Reset pressure regulating
valve.

2. Lithium-bromide
solidifies during

. operation.

a. Condenser water below
design'temperature.

b. Improper purging.

c. Salt buildup on absorber
tubes and spray nozzles.

,

; 1744
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a. Reset tower water bypass
valve.

b. Check purge system.

c. Add octyl alcohol.



PROBLEMS CAUSE REMEDY

3. Low capacity.

-.

'

a. Air in machine. a.: Repair leak and/or purge
system.

b. Scale in condenser
tubes. b. Remote scale and ti.eat

water.
C. Not enliiiif solution

concentration in
aenerator.

c. Check amount of steam flow
and,pressure.

d. Refrigerant overflow
'from condenser to
evaporator

d. Remove part of refr:,, :ant
charge.

e. Capacity control valve
returning too much weak
solution back to absorber.

e. Reset control to correc.
i...mpe:ature.

,

4. Machine shuts down
on safety controls'.

.

a. Motor overload opens. a. Find reascn'and re..::4:1-.
cv3ad. .

b. Low refrigerant
temperature. b. Check temperature c,,

Reset if needed.

5. Solidification during
shutdown,

.

,

a. Dilution cycle not long
enough.

a. Lengthen dilution' cycle to
at least 7 minutes.

b. No load when, diluting- b. Open 79.c1airning vai- i 'c
put Ic.id on macnine.

6. Air leak into
machine,

, .

a. Any connection, fitting,
or component exposed
to atmosphere may be
cause.

.

a. ;1) Perform leak c:-..e.c!.
(2) Check vertical 71:72.

7. Loss of vacuum at
shutdown.

a. Air leakage into machine. a. (1) Check for leakage tc 4,

valves.
;2) Perform leak c!- -.

8. Failure to keep
machine purged.

to

a. 'Air leakage into
machine.

b. Vertical purge not
/removing nonconden-
sables properly.

a. Perform leak cheo17.

b. '1) :heck rate of
.,2) Pume solution

solidified.
Lesolidify.

Figure 112 Troubleshooting Chart
1.75
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SUMMAcR

The absorption system operates on the principle of one material being able to
absorb or take up the vapors of another substance and thus recInce the pressure.

The absorption refrigeration unit consists o ,krenerator assembly and an alAorber

assembly. The condenser and generator are comiSfned in the generator assembly, or
upper shell of the unit; while the evaporator and absorber are combined in the absorber
assembly, or lower shell of the unit. The cont41,panel is located on the side of the
absorber assembly. The other minor units, such'as thq,absorber sight glass, solution
heat excnanger, and the solution pump are usually mounted between the iupporting legs

tlie absorption unit.

Ali' leakage the machine is the cause of many troubles. It will cause
decreased refrigst, lion effect and crystallization oi the Lithium bromide solution.
Some other . troubles that you will encounter is with controls, i'mproper setting of
valves and syStem temperatures not within operating range.

4

i72ten1 t.9..tikezt for air=conditioning and industrial process cooling. Ihe
i7apc7ator deslgn ',er:*ature is normally 38°F. These units are made in a ',,nrie
n.nge of sizes. ,raryirVrom 3 to over 1000 tons.

Te.v.tccli; Refrigeration ar.d Air Conditioning, Alttouse, Turnquist,

Bracciano

Manual;.York, Absorption Systems, Operation, ServicO, and Maintenance

Gin e, I "'EX. 11-4211""


